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TO  THE  HONOURABLE 


CHARLES  BANKS  STANHOPE, 

AND  TO  THE  HONOURABLE 

JAMES  HAMILTON  STANHOPE, 


GENTLEMEN, 

I AM  defirous  of  prefixing  your 
names  to  thefe  Volumes  in  token  of  the 
affectionate  attachment  to  which,  from  me, 
you  are  peculiarly  entitled.  And  I am 
happy  in  the  opportunity  which  this  publi- 
cation affords  me  of  bringing  to  your  recol- 
lection fubjedts,  in  the  ftudy  of  which  you 
fuccefsfully  engaged  at  a very  early  period 
of  life,  and  which  are  of  acknowledged  im- 
portance in  the  purfuits  of  every  well  edu- 
cated youth. 
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In  perilling  this  little  Work  you  mud 
bear  in  your  minds,  that  it  is  not  intended 
for  proficients  in  philosophical  knowledge, 
but  for  noviciates  in  Science : — not  for  your- 
felves  in  the  prefent  advanced  ftage  of  your 
progreSs, . bu:  for  thofe  young  pcrfons  who 
are  unacquainted  with  the  rudiments  of  na- 
tural and  experimental  philofophy. 

I am  too  well  acquainted  with  the  ex- 
cellence of  your  difpofitions  to  fuppofe  it 
neceffary  for  me  to  apologize  for  laying  be- 
fore you  a work  that  has  no  extraordinary 
claim  to  your  acceptance.  You  will  I am 
Sure  appreciate  its  value,  riot  lo  much  by  its 
ihtrirific.  contents,  as  by  the  good-will  with 
which  it. is  ur.efentcd. 

; • iu  • . j _ 

Be  fore. I conclude  this  Short  addrefs,  per- 
nut  me  to  fay,  that  my  own  happmels  will 
ever  be  much  augmented,  by  the  afiurance 
of  the  happinefs,  and  diltinguifhed  ufeful- 
nefs  of  thofe,  with  whom  I have  Spent  So 
many  years  of  my  life,  and  to  whole  perma- 
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ncnt  intereft,  I am  fure,  you  will  acknow- 
ledge, I have  never  been  inattentive. 

Sincerely  wifhing  you,  Gentlemen,  all 
the  felicity  which  the  honourable  exercife  of 
diftinguifhed  talents  and  virtuous  minds  can 
confer  upon  the  poffeffors, 

I fubfcribe  myfelf 

Your  very  affectionate  friend 

And  obedient  Servant, 

CLAPTON,  May,  1000. 


THE  AUTHOR. 
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THE  Author  of  t’nefe  little  vo- 

1 1 r > • • 

hirnes  feels  himfelf  extremely  happy  in  the 
opportunity  which  this  publication  affords 
him  of  acknowledging  the  obligations  he 
is  under  to  the  authors  of  “ Practical 
Education,”  for  the  pleafure  and  inflruc- 
tion  which  he  has  derived  from  that  valu- 
able work.  To  this  he  is  folelv  indebted 

J 

for  the  idea  of  writing  on  the  iubjeft  of 
Natural  Philofophy  for  the  ule  of  children. 
Plow  far  his  plan  correfponds  with  that 
fuggefted  by  Mr.  Edgeworth  in  his  chap- 
ter on  Mechanics,  mu  ft  be  left  with  a can- 
did public  to  decide. 

The  Author  conceives  at-  lead,  he  fhall 
oe  juft  bred  in  aiferting,  that  no  introduc- 
tion to  natural  and  experimental  philofophy 
has  been  attempted  in  a method  fo  familiar 
and  ealy  as  that  which,  in  part,  he  now- 
offers  to  the  public  : — none  which  appears 
to  him  fo  properly  adapted  to  the  capacities 
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of  young  people  of  ten  or  eleven  years  of 
age,  a period  of  life,  which,  frrtm  the  Au- 
thor’s own  experience,  he  is  confident,  is 
by  no  means  too  early  to  induce  in  chil- 
dren habits,  of  fcientific  reafoning.  In  this 
opinion  he  is  fandtioued  by  the  authority 
of  Mr.  Edgeworth.  “ Parents,”  fays  he, 
“ are  anxious  that  children  fhould  be  con- 
“ verfant  with  mechanics,  and  with  what 
“ are  called  the  mechanical  powers.  Cer- 
tainly  no  fpecies  of  knowledge  is  better 
“ fuited  to  the  tafte  and  capacity  of  youth, 
“ and  yet  it  feldom  forms  a. part  of  early 
“ inftrudlion.  Every  body  talks  of  the 
“ lever,  the  wedge,  and  the  pulley,  but 
“ mod  people  perceive  that  the  notions 
“ which  they  haVc  of  their  refpedtive  ufes 
“ is  unfatisfadlory  and  indiftindt,  and  many 
“ endeavour,  at  a late  period  of  life,  to  ac- 
“ quire  a fcientific  and  exadt  knowledge  of 
“ the  effects  that  arc  produced  by  i triple - 
“ ments  which  are  in  every  body’s  hands, 
“ or  that  arc  abfolutely  neceflTary  in  the 
“ daily  occupations  of  mankind.” 
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Should  thefe  volumes  be  favourably  re. 
ceived  by  the  public,  the  Author  propofes 
to  purfue  the  fame  plan  in  four  others  for 
which  he  has  ample  materials,  and  which 
will  comprife  Optics;  Hydiollatics ; Pneu- 
matics ; Chemiftry  ; Electricity  and  Mag- 
rietifm.  He  is  aware  that  to  perfons  con- 
verfant  with  thefe  fubjects,  and  who  are 
accuftomed  to  the  arduous  employment  of 
education,  hints  for  the  improvement  of 
this  work  may  occur ; fo  far,  therefore, 
fiom  deprecating  candid  criticifin,  whether 
of  a public  or  private  nature,  he  will  thank- 
fully attend  to  every  liberal  fuggeftion  that 
may  be  offered  ; and  will,  in  the  revilion  of 
thefe  volumes,  or  in  writing  thole  that  re- 
main  to  the  completion  of  his  defign,  avail 
liimfelf  of  every  advantage  with  which  he 
may  be  favoured. 

The  Author  trulls  that  the  whole  work 
will  be  found  a complete  compendium  of 
natural  and  experimental  philolophy,  not 
only  adapted  to  the  underftandings  of  young 
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people,  but  well  calculated  alfo  to  convey 
that  kind  of  familiar  inftrudfion  which  is 
abfolutely  neceiTary,  before  a perfon  can 
attend  public  lectures  in  thefe  branches  of 
Tcience  with  advantage,  “ If”  fays  Mr. 
Edgeworth,  fpeaking  on  this  fub  ect,  “ the 
“ lecturer  does  not  communicate  much  of 
<!  that  knowledge  which  he  endeavours 
“ to  explain,  it  is  not  to  be  attributed  ei- 
“ ther  to  his  want  of  (kill,  or  to  the  in- 
“ fufficiency  of  his  apparatus,  but  to  the 
“ novelty  of  the  terms  which  he  is  obliged 
“ to  ufe.  Ignorance  of  the  language  in 
“ which  any  fcicnce  is  taught,  is  an  in- 
“ fupcrable  bar  to  its  being  fuddenly  ac- 
“ quired ; befides  a precife  knowledge  of 
“ the  meaning  of  terms,  we  mufl  have 
“ an  inftantaneous  idea  excited  in  our 
‘c  minds  when  ever  they  are  repeated  ; and, 
“ as  this  can  be  acquired  only  by  prac- 

“ t:ce,  it  is  impoflible  that  philofophical 
“ ledtures  can  be  of  much  fervice  to  thofe 
“ who  are  not  familiarly  acquainted  with 
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“ the  technical  language  in  which  they 
“ are  delivered 


It  is  prefumed  that  an  attentive  peru- 
fal  of  thefe  dialogues,  in  which  the  prin- 
cipal and  mod  common  terms  of  fcience 
are  carefully  explained  and  illuftrated,  by 
a variety  of  familiar  examples,  will  be 
the  means  of  obviating  this  objection, 
with  refpecSt  to  perfons  who  may  be  de- 
firous  of  attending  thofe  public  philofo- 
phical  leftures,  to  which  the  inhabitants 
of  the  metropolis  have  almoft  conlbant 
accef». 

* Mr.  Edgeworth’s  chapter  on  Mechanics  fhould  be 
recommended  to  the  attention  of  the  reader,  but  the 
Author  feels  unwilling  to  refer  to  part  of  a work, 
the  whole  of  which  deferves  the  careful  perufal  of 
ail  perfons  engaged  in  the  education  of  youth. 
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CONVERSATION  I. 


INTRODUCTION. 


FATHER — CHARLES-— EMMA. 

Charles.  Father,  you  told 

lifter  Emma  and  me,  that,  after  we 
had  fmilhed  reading  the  “ Evenings 
at  Home  A you  would  explain  to  us 
fome  of  the  principles  of  natural 
philofophy:  will  you  begin  this 
morning  ? 

Father.  Yes,  I am  quite  at  leifure ; 
and,  I lhall  indeed  at  all  times  take 
a delight  in  communicating  to  you 
the  elements  of  ufeful  knowledge ; 
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and  the  more  fo  in  proportion  to  the 
desire  which  you  have  of  collecting 
and  ftoring  thofe  facts  that  may 
enable  you  to  underhand  the  opera- 
tions of  nature,  as  well  as  the  works 
of  ingenious  artists,  by  which  you 
will,  I truft,.  be  led  infen sibly  to 
admire  the  wifdoni  and  goodnefs 
with  which  the  whole  fvltem  of  the 
univerfe  is  conftructed  and  fup- 
ported. 

Emma.  But  can  philofophy  be 
comprehended  by  children  fo  young 
as  we  are?  I thought  that  it  had 
been  the  bufmefs  of  men,  and  of  old 
men  too. 

Father.  Philofophy  is  a word 
which  in  its  original  fenfe  lignifies 
only  a love  or  desire  of  wisdom  ; and 
you  will  not  allow  that  you  and  your 
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brother  are  too  young  to  wish  for 
knowledge. 

Emma.  So  far  from  it,  that  the 
more  knowledge  I get,  the  better  I 
feem  to  like  it;  and  the  number  of 
new  ideas  which,  with  a little  of  your 
affiftance,  I have  obtained  from 
the  “ Evenings  at  Home ,”  and  the 
great  pleafure  which  I have  re- 
ceived from  the  perufal  of  thefe 
volumes,  will,  I am  lure,  excite  me 
to  read  them  again  and  again.; 

Father.  You  will  find  very  little 
in  the  introductory  parts  of  natural 
and  experimental  philofophy,  that 
will  require  more  of  your  attention 
than  many  parts  of  that  work  with 
which  you  were  fo  delighted. 

Charles.  But  in  fome  books  of 
natural  philofophy,  which  I have  oc- 
calionally  looked  into,  a number  of 

b a 


4 


MECHANICS. 

new  and  uncommon  words  have  per- 
plexed me;  I have  alfo  feen  re- 
ferences to  figures  by  means  of  large 
letters  and  final  1,  the  ufe  of  which  I 
did  not  comprehend. 

Father.  It  is  frequently  a dan- 
gerous practice  for  young  minds  to 
dip  into  fubjedts  before  they  are  pre- 
pared, by  fome  previous  knowledge, 
to  enter  upon  them ; fince  it  may 
create  adiftafte  for  the  moft  intereft- 
ing  topics.  Thus  thofe  books  which 
you  now  read  with  fo  much  pleafure 
would  not  have  afforded  you  the 
fmalleft  entertainment  a few  years 
ago,  when  you  muft  have  fpclt  out 
almoft  every  word  in  each  page. 
The  fame  fort  of  difguft  will  natu- 
rally be  felt  by  perfons  who  fliould  at- 
tempt to  read  works  of  fcience  before 
the  leading  terms  are  explained  and 
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underftood.  The  word  angle  is  con- 
tinually recurring  in  fubje&s  of  this 
fort,  do  you  know  what  an  angle  is  ? 

Emma.  I do  not  think  I do  ; 
will  you  explain  what  it  means? 

Father.  An  angle  is  made  by  the 
opening  Of  two  ftraight*  lines.  In 
this  figure  (Plate  1.  Fig.  1.)  there 
are  two  ftraight  lines  An  and  cb 
meeting  at  the  point  b,  and  the  open- 
ing made  by  them  is  called  an  angle. 

Charles.  Whether  that  opening 
be  linall  or  great,  is  it  ftill  called  an 
angle  ? 

Father.  It  is ; your  drawing  com- 
panies may  familiarize  to  your  mind 
the  idea  of  an  angle;  the  lines  in 
this  fi  gurfe  will  aptly  reprefent  the 
legs  of  the  compaffes,  and  the  point 

* Straight  lines,  in  works  of  fciencc,  are 
nfually  denominated  right  lines, 
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Hence  to  be  perpendicular  to,  or  to 
make  right  angles  with  a line,  means 
one  and  the  fame  thing. 

Charles.  Does  it  fignify  how  yon 
call  the  letters  of  an  angle  ? 

Father.  It  is  ufual  to  call  every 
angle  by  three  letters,  and  that  at 
the  angular  point  mull  be  always  the 
middle  letter  of  the  three.  There 
are  cafes,  however,  where  an  angle 
may  be  denominated  by  a Angle 
letter,  as  in  figures  1 and  3,  the 
angle  abc  may  be  called  Amply  the 
angle  b,  for  in  thefe  figures  there  is 
no  danger  of  miflake,  becaufe  there 
is  but  a Angle  angle  at  the  point  e. 

Charles.  I underhand  this,  for 
if  in  the  fecond  figure  I were  to  de- 
feribe  the  angle  by  the  letter  b only, 
you  would  not  know  whether  I 
meant,  the  angle  abc  or  abd. 
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Father.  That  is  the  precife  rea- 
fon  why  it  is  neceffary  in  mofit  de- 
fcriptions  to  make  ufe  of  three  letters. 
An  acute  angle  (Fig.  1.)  abc  is  lefs 
than  a right  angle  ; and  an  obtufe 
angle  (Plate  1.  Fig.  3.)  abc  is 
greater  than  a right  angle. 

Emma.  You  fee  the  reafon  now, 
Charles,  why  letters  are  placed 
againft  or  by  the  figures,  which  puz- 
zled you  before. 

Charles.  I do,  they  are  intended 
to  diftinguifii  the  feparate  parts  of 
each,  in  order  to  render  the  defcrip- 
tion  of  them  ea'tier  both  to  the 
author  and  the  reader. 

Emma.  What  is  the  difference, 
papa,  between  an  angle  and  a tri- 
angle ? 

Father.  An  angle  being  made 
by  the  opening  of  two  lines,  and,  as 
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you  know,  that  two  ftraight  lines 
cannot  enclofe  a fpace,  fo  a triangle 
abc  (Plate  1.  Fig.  4.)  is  a fpace 
bounded  by  three  ftraight  lines.  It 
takes  its  name  from  the  property  of 
containing  three  angles.  There  are 
various  forts  of  triangles,  but  it  is 
not  neceflary  to  enter  upon  thefe 
particulars,  as  I do  not  with  to 
burden  your  memories  with  more 
technical  terms  than  we  have  occa- 

: > t • . 

fion  for. 

Charles.  A triangle  then  is  a 
fpace  or  figure  containing  three  an- 
gles, and  bounded  by  as  many 
ftraight  lines. 

Father.  Yes,  that  defcriptiou  will 
anfwer  our  prefent  purpofc. 
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CONVERSATION  II. 


Of  Matter — Gf  the  DivifibiUty  of 
Matter. 

FATHER.  Do  you  underftand 
what  philosophers  mean  when  they 
make  ufe  of  the  word  matter? 

Emma.  Are  not  all  things  which 
we  fee  and  feel  compofed  of  matter? 

Father.  Every  thing  which  is  the 
object  of  our  fenfes  is  compofed  of 
matter  differently  modified  or  ar- 
ranged. But  in  a philofophical  fenle 
matter  is  defined  to  be  an  extended, 
folid,  inactive , and  moveable  lub- 
ltance. 


OF  MATTER. 
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Charles.  If  by  extension  is  meant 
length,  breadth,  and  thicknefs,  mat- 
ter, undoubtedly,  is  an  extended 
fubftance.  Its  folidity  is  mapifeft 
by  the  refiftance  it  makes  to  the 
touch. 

Emma,  And  the  other  proper- 
ties nobody  will  deny,  for  all  mate- 
rial objects  are,  ol  themlelves,  with* 
put  motion  ; and  yet  it  may  be 
readily  conceived,  that  by  the  appli, 
cation  -of  a proper  force  there  is  no 
body  which  cannot  be  moved.  But 
I remember,  papa,  that  you  told  us 
fortieth ing  ftrange  about  the  divifibi- 
lity  ot  matter,  which  you  faid  might 
be  continued  without  end. 

Father.  I did,  fome  time  back, 
mention  this  as  a curious  and  inte- 
tefting  fubje-a,  and  this  is  a very  fit 
tune  for  me  to  explain  it.  . 
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Charles.  Can  matter  indeed  be 
infinitely  divided,  for  I fnppofe  that 
this  is  what  is  meant  by  a divifion 
without  end? 

Father.  Difficult  as  this  may  at 
firft  appear,  yet  I think  it  very  capa- 
ble of  proof.  Can  you  conceive  of 
a particle  of  matter  fo  fmall  as  not  to 
have  an  upper  and  under  furface? 

Charles.  Certainly  every  portion 
of  matter,  however  minute,  mult 
have  two  furfaces  at  leaf!:,  and  then 
I fee,  that  it  follows  of  courfe  that 
it  is  divifible. 

Father.  Your  conclufion  is  juft, 
and  though  there  may  be  particles  of 
matter  too  fmall  for  us  actually  to 
divide,  vet  this  ar’fbs  from  the  im- 
perfection  of  our  inftruments  ; they 
muft  neverthelefs,  in  their  nature,  be 
divifible. 
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Emma.  But  you  were  to  give  us 
fome  remarkable  inftances  ot  the  mi- 
nute divifion  of  matter. 

Father.  A few  years  ago  a lady 
fpun  a tingle  pound  of  wool  into  a 
thread  16‘8  thoufand  yards  long. 
And  Mi’.  Boyle  mentions  that  two 
grains  and  a half  of  iilk  was  fpun 
into  a thread  300  yards  in  length. 
If  a pound  of  filver,  which,  von 
know,  contains  5760  grains,  and 
a tingle  grain  of  gold  be  melted 
together,  the  gold  will  be  equally 
tBffnfed  through  the  whole  tilver, 
infonureh  that  if  one  grain  of  the 
mats  be  ditfolved  in  a liquid  called 
Aqua  For l is,  the  gold  will  fall  to 
the  bottom.  By  this  experiment 
it  is  evident  that  a grain  may  be 
divided  into  5761  viiible  parts,  for 
only  the  5761ft  part  of  the  gold 
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is  contained  in  a {ingle  grain  of  the 

mafs. 

The  gold-beaters,  whom  you  have 
feen  at  work  in  the  {hops  in  Long- 
Acre,  can  fpread  a grain  of  gold  into 
a leaf  containing  50  fquare  inches, 
and  this  leaf  maybe  readily  divided 
into  500,000  parts,  each  of  which  is 
vifible  to  the  naked  eye:  and  by  the 
help  of  a microfcope  which  magnifies 
the  area  or  furface  of  a body  100 
times,  the  100th  part  of  each  of  thefe 
becomes  vifible,  that  is  the  50  mil- 
lionth part  of  a grain  of  gold  will  be 
vifible,  ora  fingle  grain  of  that  metal 
may  be  divided  into  50  million  of 
vifible  parts.  Cut  the  gold  which 
covers  the  filyer  wireufed  in  making 
what  is  called  gold  lace,  is  fpread 
over  a much  larger  furface,  yet  it 
prcfcrvcs,  even  if  examined  by  a mi- 
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crofcope,  an  uniform  appearance. 
It  has  been  calculated  that  one  grain 
of  gold  under  thefe  circumftances, 
would  cover  a furface  of  nearly  thirty 
fquare  yards. 

The  natural  divifions  of  matter  are 
frill  more  furprifing.  In  odoriferous 
bodies,  fuch  as  camphor,  mufk,  and 
afafoetida,  a wonderful  fubtilty  of 
parts  is  perceived,  for  though  they 
are  perpetually  filling  a confiderable 
fpace  with  odoriferous  particles,  yet 
thefe  bodies  lofe  but  a very  fmall 
part  of  their  weight  in  a great  length 
of  time. 

Again,  it  is  faid  by  thofe  who  have 
examined  the  fubject  with  the  belt 
glades,  and  whole  accuracy  may  be 
relied  on,  that  there  are  more  ani- 
mals in  the  milt  of  a fingle  cod-filh, 
than  there  are  men  on  the  whole 
c 2 
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earth,  and  that  a tingle  grain  of  land 
is  larger  than  four  millions  of  tliefe 
animals.  Now  if  it  be  admitted  that 
thefe  little  animals  are  polfetTed  of 
organifed  parts,  fuch  as  a heart,  fto~ 
mach,  mufcles,  veins,  arteries, &c.  and 
that  they  are  poifdfed  of  a complete 
fyttem  of  circulating  fluids,  fimilar 
to  what  is  found  in  larger  animals, 
we  feem  to  approach  to  an  idea  of 
the  infinite  divifibility  of  matter.  It 
lias  indeed  been  calculated  that  a 
particle  of  the  blood  of  one  of  thefe 
auimalcula  is  as  much  fmaller  than 
a globe  one  tenth  of  an  inch  in  dia- 
meter, as  that  globe  is  fmaller  than 
the  whole  earth.  Neverthelefs,  if 
thefe  particles  be  compared  with  the 
particles  of  light,  it  is  probable,  that 
they  would  be  found  to  exceed  them 
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in  bulk  as  much  as  mountains  do 
fingle  grains  of  iand  : 

l 

In  thoufand  fpecies  of  the  infeft  kind  ! 

Loft  to  the  naked  eye,  fo  wondrous  fmall 
Were  millions  join’d,  one  grain  of  fand  would 
cover  all. 

Yet  each  within  its  little  bulk,  contains 
An  heart  which  drives  the  torrent  through  its 
veins : 

M-ufcles  to  move  its  limbs  aright : a brain 
And  nerves  difpofed  for  pleafure  and  for  pain  : 
Eyes  to  diftinguifli  ; fenfe  whereby  to  know 
W’hat’s  good,  or  bad ; is,  or  is  not  its  foe. 

Baker. 

I might  enumerate  many  other 
inftances  of  the  fame  kind,  but  thefe, 
I doubt  not,  will  be  fufficient  to 

I convince  you  into  what  very  minute 
parts  matter  is  capable  of  being  di- 
vided : and  with  thefe  we  will  put 
an  end  to  our  prefent  converfation. 
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CONVERSATION  III, 


Of  the  Attraction  of  Cohejion . 

FATHER.  Well  my  children, 
have  you  refle&ed  upon  what  we  laft 
converfed  about  ? Do  you  compre- 
hend the  feveral  inftances  which  I 
enumerated  as  examples  of  the  mi- 
nute divifion  of  matter  ? 

Emma.  Indeed,  papa,  the  exam- 
ples which  you  gave  us  very  much 
excited  my  wonder  and  admiration, 
and  yet  from  the  thinnefs  of  fome 
leaf  gold  which  I once  had,  I can 
readily  credit  all  you  have  faid  on 
that  part  of  the  iubjcdh  But  I 
know  not  how  to  conceive  of  inch 
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fmall  animals  as  you  defcribed  ; and 
I -am  dill  more  at  a lofs  how  to  ima- 
o-ine  that  animals  lb  minute,  fhould 

O 

polfefs  all  the  properties  of  the  larger 
ones,  fuchasa  heart,  veins,  blood,  &c. 

Father.  I can,  the  next  bright 
morning,  by  the  help  of  my  folar 
microfcope,  lliew  you  very  diftinctly, 
the  circulation  of  the  blood  in  a flea, 
which  you  may  get  from  your  little 
dog ; and  with  better  gialfes  than  # 
thofe  of  which  1 am  polfelfed,  the 
fame  appearance  might  be  feen  in 
animals  still  ftnaller  than  the  Ilea, 
perhaps,  even  in  thofe  which  are 
themlelves  invifible  to  the  naked  eye. 
But  we  lhall  converfe  more  at  large 
on  this  matter,  when  we  come  to 
confider  the  fubjeft  of  optics,  and 
the  conftru6tion  and  ufes  of  the  folar 
microfcope.  At  prefent  we  will  turn 
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our  thoughts  to  that  principle  in  na- 
ture, which  philofbphers  have  agreed 
to  call  gravity  or  attraction. 

Charles.  It'  there  be  no  more  dif- 
ficulties in  philofopny  than  we  met 
with  in  our  laft  leClure,  I do  not  fear 
but  that  we  thall,  in  general,  be  abie 
to  underhand  it.  Are  there  not, 
papa,  feveral  kinds  of  gravity? 

Father.  Yes  there  are ; two  of 
which  it  will  be  fufficient  for  our  pre- 
fent  purpofe  todefcribe;  the  one  is 
the  attraction  of  cohejion  ; the  other 
that  of  gravitation.  The  attraction 
oj' cohejion  is  that  power  which  keeps 
the  parts  or'  bodies  together  when 
they  touch,  and  prevents  them  from 
feparating,  or  which  inclines  the 
parts  of  bodies  to  unite,  when  they 
are  placed  fufficientK-  near  to  each 
other. 
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Charles.  Is  it  then  by  the  attrac- 
tion of  cohefion  that  the  parts  of  this 
table,  or  of  the  pen -knife,  are  kept 
together ? 

Father.  The  inftances  which  you 
have  fele£tcd  are  accurate,  but  you 
might  have  laid  the  fame  of  every 
Other  folid  fubf lance  in  the  room, 
and  it  is  in  proportion  to  the  dif- 
ferent degrees  of  attraction  with 
which  different  fubftanccs  are  af- 
fected, that  foine  bodies  are  hard, 
others  loft,  tough,  &c.  A philofo- 
pher  in  Holland,  almofl  a century 
ago,  took  great  pains  in  afeertaining 
the  different  degrees  of  cohefTon, 
whicli  belonged  to  various  kinds  of 
wood,  metals,  and  many  other  fub- 
ftanccs. A /lici  t account  of  the  ex- 
periments made  by  M.  Mull’chen- 
broek,  you  will  hereafter  find  in  your 
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own  language,  in  the  fecond  edition 
of  Dr.  Enfield’s  Inftitutes  of  Natu- 
ral Philofophy. 

Charles.  You  once  fhewed  me 
that  two  leaden  bullets  having  a little 
fcraped  from  the  l'urfaces,  would 
flick  together  with  great  force;  you, 
called  that,  I believe,  the  attraction 
of  cohefion  ? 

Father.  I did:  fome  philofopliers, 
who  have  made  this  experiment  with 
great  attention  and  accuracy,  albert, 
that  if  the  flat  furfaces,  which  are 
prefen  ted  to  one  another,  be  but  a 
quarter  of  an  inch  In  diameter, 
fcraped  very  finooth,  and  forcibly 
prefled  together  with  a twift,  a 
weight  of  an  hundred  pounds  is  fre- 
qmj  tly  required  to  feparate  them. 

As  it  is  by  this  kind  of  attraction 
that  the  parts  oflolid  bodies  are  kept 
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together,  fo  when  any  fubftance  is 
feparated  or  broken,  it  is  only  ther 
attraction  of  cohefion  that  is  over- 
come in  that  particular  part. 

. Emma.  Then,  papa,  when  I had 
the  misfortune  this  morning  at 
breakfaft  to  let  my  faucer  flip  from 
my  hands,  by  which  it  was  broken 
into  feveral  pieces,  was  it  only  the 
attraction  of  cohesion  that  was  over- 
come by  the  parts  of  the  faucer 
being  feparated  by  its  fall  on  the 
ground  ? 

Father.  Juft  fo  ; for  whether  you 
unluckily  break  the  china,  or  cut  a 
flick  with  your  knife,  or  melt  lead 
over  the  fire,  as  your  brother  fome- 
times  does,  in  order  to  make  plum- 
mets ; thefe  and  a thoufand  other 
inflances  which  arc  continually  oc- 
curring, are  but  examples  in  which 


24 


MECHANICS. 


the  cohefion  is  overcome,  by  the  fall ; 
the  knife;  or  the  fire. 

Emma.  The  broken  faucer  beimr 
highly  valued  by  mama,  Ihe  has 
taken  the  pains  to  join  it  again  with 
white  lead,  was  this  performed  by 
means  of  the  attraction  of  cohefion  ? 

Father.  It  was,  my  dear,  and 
hence  you  will  eafily  learn  that  many 
operations  in  cookery  are  in  fa<5t  no- 
thing more  than  different  methods 
of  caufing  this  attraction  to  take 
place.  Thus  flour,  by  itfelf,  has 
little  or  nothing  of  this  principle, 
but  when  mixed  with  milk,  or  other 
liquids,  to  a proper  coniiftency,  the 
parts  cohere  ftrongly,  and  this  cohe- 
fion in  many  inftances  becomes  ftill 
fironger,  by  means  of  the  heat  ap- 
plied to  it  in  boiling  or  baking. 
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Charles.  You  put  me  in  mind, 
papa,  of  the  fable  of  the  man  blow- 
ing hot  and  cold;  for  in  the  inftance 
of  the  lead , fire  overcomes  the  attrac- 
i tion  of  cohefion ; and  the  fame  power, 
heat,  when  applied  to  puddings, 
bread,  &c.  caufes  their  parts  to  co- 
here more  powerfully.  How  are  we 
to  underftand  this  ? 

Father.  I will  endeavour  to  re- 
move your  difficulty.  Heat  expands 
all  bodies  without  exception,  as  you 
fhall  fee  before  we  have  finifhed  our 
lectures.  Now  the  fire  applied  to 
metals  in  order  to  melt  them,  caufes 
fuch  an  expanfion,  that  the  particles 
are  thrown  out  of  the  fphere,  or 
reach  of  each  other's  attraction ; 
whereas  the  heat  communicated  in 
the  operations  of  cookery,  is  fuffici-' 
ent  to  expand  the  particles  of  flour, 
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but  is  not  enough  to  overcome  the* 
attraction  of  cohefion.  Detidc .>  your 
mama  will  tell  you,  that  the  lu  • of 
boiling,  would  frequently  uilumte 
the  parts  of  which  her  -puddings  are 
compol’ed,  if  <he  did  not  take  the' 
precaution  of  enclofing  them  in  a 
cloth,  leaving  them  jidt  room  enough 
to  expand  without  the  liberty  of 
breaking  to  pieces;  and  the  moment 
they  are  taken  from  the  water,  they 
lofe  their  fuperabundant  heat,  and 
become  folid. 

Emma . When  Ann  the  cook 
makes  broth  for  little  brother,  it  is 
the  heat  then  which  overcomes  the 
attraction  which  the  particles  of 
meat  have  for  each  other,  for  I have 
feen  her  pour  off  the  broth,  and  the 
meat  is  all  in  rags.  But  will  not  the 
heat  overcome  the  attraction  which 
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the  parts  of  the  bones  have  for  each 
other  ? 

Father.  The  heat  of  boiling  wa- 
ter will  never  effect  this,  but  a ma- 
chine was  invented  feveral  years  ago, 
by  Mr.  Papin,  for  that  purpofe.  It 
is  called  Papin’s  digefter,  and  is  ufed 
in  taverns,  and  in  many  large  fami- 
lies, for  the  purpofe  of  diffolving 
bones,  as  completely  as  a lcffu  de- 
gree of  heat  will  liquefy  jelly.  On 
fome  future  day  I will  lhew  you  an 
engraving  of  this  machine,  and  ex- 
plain its  different  parts,  whicii  are 
extremely  fhnple.* 

* Sec  Vol.  IV.  Conver.  XIX.  p.  185 — 8. 
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CONVERSATION  IV. 


Of  the  Attraction  of  Coliefion. 

FATHER.  I will  now  mention 
fome  other  inftances  of  this  great 
law  of  nature.  If  two  poliilied  plates- 
of  marble,  or  bfals,  be  put  together, 
■with  a little  oil  between  them  to  fill 
up  the  pores  in  their  furfaees,  they 
will  cohere  fo  powerfully  as  to  re- 
quire a very  confiderable  force  to 
feparate  them.  — Two  globules  of 
quickfilver  placed  very  near  to  each 
other,  will  run  together  and  form  one 
large  drop. — Drops  of  water  will  do 
the  fame. — Two  circular  pieces  ot 
cork  placed  upon  water  at  about  an 
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inch  diflant  will  run  together.  -Ba- 
lance a piece  of  fmooth  board  on  tlie 
end  of  a fcale  beam  ; then  let  it  lie 
flat  on  water,  and  five  or  fix  times 
its  own  weight  will  lie  required  to  fe- 
parate  it  from  the  water.  If  a fmall 
globule  of  quickfilver  be  laid  on  clean 
paper,  and  a piece  of  glafs  be  brought 
into  contact  with  it,  the  mercury 
will  adhere  to  it,  and  be  drawn  away 
from  the  paper.  But  bring  a larger 

I globule  into  contact  with  the  fmaller 
one,  and  it  will  for  lake  the  glafs, 
and  unite  with  the  other  quick- 
lilver. 

Charles.  Did  not  you  tell  me 
that  it  was  by  means  of  the  attrac- 
tion of  cohefion,  that  the  little  tea 
which  is  generally  left  at  the  bottom 
of  the  cup  inftantly  afcends  in  the 
fugar  when  thrown  into  it? 
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Father.  The  afcent  of  water  or 
other  liquids  in  fugar,  fponge,  and 
all  porous  bodies  is  a fpecies  of  this' 
attraction,  and  is  called  capillary * 
attraction ; it  is  thus  denominated 
from  the  property  which  tubes  of  a 
very  fmall  bore,  fcarcely  larger  than 
to  admit  a hair,  have  of  caufmg 
water  to  ftand  above  its  level. 

Charles.  Is  this  property  vifble 
in  no  other  tubes  than  thole,  the 
bores  of  which  are  fo  exceedingly 
line  ? 

Father.  Ye s,  it  is  very  apparent 

in  tubes  whole  diameters  are  one 
tenth  of  an  inch  or  more  in  length, 
but  the  fmaller  the  bore,  the  higher 
the  fluid  rifes  ; for  it  afeends,  in  all 
inllailces,  till  the  weight  of  the  co- 

* From  capillui , die  Lit  in  word  for  hair, 
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lumn  of  water  in  the  tube  balances, 
or  is  equal  to  the  attraction  of  the 
tube.  By  iminerfing  tubes  of  dif- 
ferent bores  in  a velfel  of  coloured 
water,  you  will  fee  that  the  water 
riles  as  much  higher  in  the  fmaller 
tube,  than  in  the  larger,  as  its  bore 
is  Ids  than  that  of  the  larger.  The 
water  will  rife  a quarter  of  an  inch, 
and  there  remain  lufpended  in  a 
tube,  whole  bore  is  about  one  eighth 
of  an  inch  in  diameter. 

This  kind  of  attraction  is  well  il- 
lultrated,  by  taking  (Plate  1.  Fig.  5.) 
two  pieces  of  glafs  joined  together  at 
the  fide'BC,  and  kept  a little  open  at 
the  oppolite  fide  ad,  by  a final!  piece 
ot  cork  e.  In  this  polition  immeflb 
I them  in  a diih  of  coloured  water  fg, 
and  you  will  oblerve  that  the  attrac- 
tion of  the  glals  at,  and  near  bc,  will 
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cauie  the  fl ukl  to  afcend  to  b,  where- 
as about  the  parts  d,  it  fcarcely  riles 
above  the  level  of  the  water  in  the 
vefifel. 

Charles.  I fee  that  a curve  is 
formed  by  the  water. 

Father.  There  is,  and  to  this 
curve  there  are  many  curious  proper- 
ties belonging,  as  you  will  hereafter 
be  able  to  inveftigate  for  yourfelf. 

Emma.  Is  it  not  upon  the  prin- 
ciple of  the  attraction  of  cohclion, 
that  carpenters  glue  their  work  to- 
gether? 

Father.  It  is  upon  this  principle 
that  carpenters  and  cabinet-makers 
make  ufe  of  glue;  that  braziers,  tin- 
men, plumbers,  &c.  folder  their  me- 
tals; and  that  fmiths  unite  different 
bars  of  iron  by  means  of  heat.  Thefe 
and  a thoufand  other  operations,  of 
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which'  we  are  continually  the  wit- 
neffes,  depend  on  the  fame  principle 
as  that  which  induced  your  mama 
to  ufe  the  white  lead  in  mending  her 
faucet.  And  you  ought  to  be  told, 
that  though  white  lead  is  frequently 
ufed  as  a cement  for  broken  china, 
glafs  and  earthen  ware,  yet  if  the 
veffels  are  to  be  brought  again  into 
ufe,  it  is  not  a proper  cement,  being 
an  adtive  poifon  ; beficles  one  much 
ftronger  has  been  difcovered,  I be- 
lieve, by  a very  able  and  ingenious 
pliilofopher,  the  late  Dr.  Ingenhouz, 
at  lead  I had  it  from  him  feveral 
years  ago ; it  confifts  fimply  of  a 
mixture  of  quick-lime,  and  Glocefter 
cheefe,  rendered  foft  by  warm  water, 
and  worked  up  to  a proper  confift- 
ency. 

Emma . What  ! do  fuch  great 
philofophers,  as  1 have  heard  you  fay 
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Dr.  Ingenhouz  was,  attend  to  fuch 
trifling  things  as  thefe  ? 

Father.  He  was  a man  deeply 
fkilled  in  many  branches  orfcience; 
and  I hope  that  you  and  your  bro- 
ther will  one  day  make  yonrfelves 
acquainted  with  many  of  his  impor- 
tant difeoveries.  But  no  real  philo- 
fopher  will  confider  it  beneath  his  at- 
tention to  add  to  the  conveniencies 
of  life. 

Charles.  This  attraction  of  cohe- 
fion  feems  to  pervade  the  whole  of 
nature. 

Father.  It  does,  but  you  w ill  not 
forget  that  it  aCts  only  at  very  I'm  all 
diftances.  Some  bodies  indeed  ap- 
pear to  polfefs  a power  the  reverfe  of 
the  attraction  of  cohefion. 

Emma.  What  is  that,  Pepa? 

Father.  It  is  called  repulfion.  . 
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Thus  water  repels  molt  bodies  till 
they  are  wet.  A finall  needle  care- 
f fully  placed  on  water  will  fwim  : 
flies  walk  upon  it  without  wetting 
their  leet : 

Or  b . • unwet  their  oily  forms,  and  dwell 
W nil  leu  repuifivc  on  the  dimpling  well. 

Dak  win. 

The  drops  of  dew  which  appear  in  a 
morning  on  plants,  particularly  on 
cabbage  plants,  ull’ume  a globular 
form,  from  the  mutual  attraction 
between  the  particles  of  water;  and 
upon  examination  it  will  be  found 
that  the  drops  do  not  touch  the 
leaves,  for  they  will  roll  off  in  com-, 
padf  bodies,  which  could  not  be  the 
cafe  if  there  fub lifted  any  decree  of 
attraction  between  the  water  and  the 
leaf. 

II  a finall  thin  piece  of  iron  be 
laid  upon  quickfdyer,  the  repuldori 
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between  the  different  metals  will 
caufe  the  furface  of  the  quickhlver 
near  the  iron  to  be  depreffed. 

The  repelling  force  of  the  parti- 
cles of  a fluid  is  but  fmall ; there- 

* 

fore,  if  a fluid  be  divided  it  ealilv 
unites  again.  But  if  a glafs  or  any 
hard  fubflance  be  broken,  the  parts 
cannot  be  made  to  cohere  without 
being  firft  moiftened,  becaufe  the  re- 
pulfion  is  too  great  to  admit  of  a re- 
union. 

The  repelling  force  between  water 
and  oil  is  likewife  fo  great,  that  it  is 
almoft  impoffble  to  mix  them  in 
fuch  a manner,  that  they  fhall  not 
feparate  again. 

If  a ball  of  light  wood  be  dipt  in 
oil,  and  then  put  into  water,  the 
water  will  recede  fo  as  to  form  a 
fmall  channel  around  the  ball. 
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Charles.  Why  do  cane,  heel,  and 
many  other  things  bear  to  be  bent 
without  breaking,  and,  when  fet  at 
liberty  again,  recover  their  original 
form  ? 

Father.  That  a piece  of  thin 
heel,  or  cane,  recovers  its  ufual  form 
after  being  bent,  is  owing  to  a cer- 
tain power,  called  elajl.icity ; which 
may,  perhaps,  arife  from  the  particles 
of  thole  bodies,  though  difturbed, 
not  being  drawn  out  of  each  other’s 
attraction  ; therefore,  as  foon  as  the 
force  upon  them  ceafes  to  aCt,  they 
reftore  thenrfelves  to  their  former 
pofition. — But  our  half  hour  is  ex- 
pired, I muft  leave  you. 
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CONVERSATION  V. 


Of  the  Attraction  of  Gravitation. 

FATHER.  We  will  now  proceed 
to  difcufs  another  very  important  ge- 
neral principle  in  nature ; the  attrac- 
tion of  gravitation , or  as  it  is  fre- 
quently termed  gravity , which  is  that 
power  by  which  dijiant  bodies  tend 
towards  each  other.  Qfchis  we  have 
perpetual  inflances  jB^he  falling  of 

bodies  to  the  earth.  {9 

1! 

Charles.  Am  I then  to  under- 
ftand,  that  whether  this  marble  falls 
from  my  hand ; or  a loole  brick 
from,  the  top  of  the  houfc;  or  an 


attraction;  of  gravitation.  39 

apple  from  the  tree  in  the  orchard, 
that  all  theft?  happen  by  the  attrac- 
tion of  gravity? 

Father.  It  is  by  the  power  which 
is  commonly  expreffed  under  tire 
term  gravity , that  ail  bodies  what- 
ever have  a tendency  to  the  earth, 
and,  unjefs  fupported,  will  fall  in 
lines  nearly  perpendicular  to  its 
furface. 

Emma.  But  are  not  ftnoak,  fteam, 
and  other  light  bodies  which  we  fee 
afeend,  exceptions  to  the  general 
rule  ? 

Father.  It  appears  fo  at  firft 
fight,  and  it  was  formerly  received 
as  a general  opinion,  that  fmoke, 
fteam,  &c.  poll'eti’ed  no  weight : the 
difeoverv  of  the  air-pump  lias  Ihewn 
the  fallacy  of  this  notion,  for  in  an  ex- 
liaufted  receiver,  that  is,  in  a glafs  jar 

t 2 
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from  which  the  air  is  taken  away  by 

J J 

•means  of  the  air-pump,  finoke  and 
fleam  defcend  by  their  own  weight 
as  completely  as  a piece  of  lead. 
When  we  come  to  converfe  on  the 
fubjecfcs  of  pneumatics  and  hydro- 
ftatics,  you  will  underhand  that  the 
reafon  why  fmoke,  and  other  bodies 
■ afcend,  is  fimply  becaufe  they  are 
lighter  than-  the  atmofphere  which 
furrounds  them,  and  the  moment 
they  reach  that  part  of  it  which  has 
the  lame  gravity  with  themfelves 
they  ceafe  to  rife. 

Charles.  Is  it  then  by  this  power 
that  all  terreftrial  bodies  remain  firm 
on  the  earth? 

Father.  13y  gravity,  bodies  on  all 
parts  of  the  earth  (which  you  know 
is  of  a globular  form)  are  kept  on  its 
lurface,  becaule  they  all,  wherever 
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fituated,  tend  to  the  center;  and, 
.fince  all  have  a tendency  to  the  cen- 
ter, the  inhabitants  of  New  Zealand, 
although  nearly  oppofite  to  our  feet, 
hand  as  firm  as  we  do  in  Great 
Britain. 

Charles.  This  is  difficult  to  com- 
prehend, nevertheleii,  if  bodies  on 
all  parts  of  the  furface  of  the  earth 
have  a tendency  to  the  center,  there 
Items  no  reafon  why  bodies  thou  Id 
not  hand  as  firm  on  one  part  as  well 
as  another.  Does  this  power  of 
gravity  adt  alike  on  all  bodies? 

Father.  It  does,  without  any  re- 
gard to  their  figure,  or  lize  ; for  at- 
traction or  gravity  adts  upon  bodies  in 
proportion  to  the  quantity  of  matter 
which  they  contain,  that  is,  four 
s times  a greater  force  of  gravity  is  ex- 
it erted  upon  a weight  of  four  pounds, 
£ 3 
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than  upon  one  of  a (ingle  pound. 
The  confequence  of  this  principle  is, 
that  all  bodies  at  equal  diftances  from 
the  earth  fall  with  equal  velocity. 

Emma.  What  do  you  mean. 
Papa,  by  Telocity? 

Father.  I will  explain  it  by  am 
example  or  two;  if  you  and  Charles 
fet  out  together,  and  you  walk  a: 
mile  in  half  an  hour,  but  he  walk, 
and  run  two  miles  in  the  fame  time,, 
how  much  lwifter  will  he  go  thani 
you  ? 

Emma.  Twice  as  fwift. 

Father,  lie  does,  becaufc  in  the 
fame  time,  he  pafies  over  twice  as 
much  fpace ; therefore  we  fay  his 
velocity  is  twice  as  great  as  yours. 
Suppofe  a ball,  filed  from  a cannon,  i 
pafs  through  800.  feet  in  a fccond  i 
of  time  ; and  in  the  fame  time  your 
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brother’s  arrow  pafs  through  100 
feet  only,  how  much  fwifter  does  the 
cannon  ball  fly  than  the  arrow  ? 

Emma.  Eight  times  fwifter. 

Father.  Then  it  has  eight  times 
the  velocity  of  the  arrow ; and  hence 
you  underhand  that  fwiftnefs  and 
velocity  are  fynonymous  terms  ; and 
that  the  velocity  of  a body  is  mea- 
fured  by  the  fpace  it  pafles  over  in  a 
given  time,  as  a fecond,  a minute, 
an  hour,  See. 

Emma.  If  I let  a piece  of  metal, 
as  a penny  piece,  and  a feather  fall 

I from  my  hand  at  the  fame  time,  the 
penny  will  reach  the  ground  much 
I fooncr  than  the  feather.  Now  how 
t dq  you  account  for  this  if  all  bodies 
| are  equally  affedted  by  gravitation, 
jg  and  defeend  with  equal  velocities, 
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when  at  the  lame  diftanee  from  the 
earth  r 

Father.  Though  the  penny  and 
feather  will  not  in  the  open  air,  fall 
with  equal  velocity,  yet  it  the  air  be 
taken  away,  which  is  eafily  done,  by 
a little  apparatus  connected  with  the 
air-pump,  they  will  defcend  in  the 
fame  time.  Therefore  the  true  rea- 
fon  why  light  and  heavy  bodies  do 
not  fall  with  equal  velocities,  is,  that 
the  former , in  proportion  to  its 
weight,  meets  with  a much  greater 
refinance  from  the  air  than  the 
latter. 

Charles.  It  is  then,  I imagine, 
from  the  fame  caufe  that  if  I drop 
the  penny  and  a piece  of  light  wood 
into  a veil’d  of  water,  the  penny 
/hall  reach  the  bottom,  but  the 
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wood,  after  defcending  a fmall  way, 
rifes  to  the  Unlace, 

Father.  In  this  cafe  the  refilling 
medium  is  water  inftead  of  air,  and 
the  copper,  being  about  nine  times 
heavier  than  its  bulk  of  water,  falls 
to. the  bottom  without  apparent  re- 
finance. But  the  wood,  being  much 
lighter  than  water,  cannot  fink  in  it, 
therefore,  though  by  its  momentum *, 
it  finks  a fmall  d ilia  nee,  yet  as  loon 
as  that  *is  overcome  by  the  refilling 
medium,  it  rifestothefurfa.ee,  being 
the  lighter  fubftance. 

* The  explanation  of  this  term  will  be  found 
in  the  next  converfation. 
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CONVERSATION  VI. 


Of  the  Attraction  of  Gravitation. 

EMMA.  The  term  momentum 
which  you  made  ufe  of  yefterday,  is 
another  word  which  I do  not  uudev- 
ftand.  • 

Father.  If  you  have  underftood 
what  I have  fa  id  refpe&ing  the  velo- 
city of  moving  bodies,  you  will  eafify 
comprehend  what  is  ipeant  by  the 
word  momentum. 

The  momentum  on*  moving  force  of 
a body,  is  its  weight  multiplied  into 
its  velocity.  You  may,  for  inftance, 
place  this  pound  weight  upon  a china 
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plate  without  any  danger  of  break- 
ing, but  if  you  let  it  fail  from  the 
height  of  only  a few  inches  it  will 
dalh  the  china  to  pieces.  In  the 
Hi  It  cafe,  the  plate  has  only  the 
pound  weight  to  fuftain,  in  the  other, 
the  weight  muft  be  multiplied  into 
the  velocity,  or,  to  fpeak  in  a popu- 
lar manner,  into  the  diffance  of  the 
height  from  which  it  fell. 

II  a ball  a (Plate  1.  Fig.  6.)  lean 
against  the  obltacle  b,  it  will  not  be 
able  to  overturn  it,  but  if  it  be  taken 
up  to  c and  buffered  to  roll  down  the 
inclined  plane  ab  againft  b it  will  cer- 
tainly overthrow  it ; — in  the  former 
cafe,  b would  only  have  to  refill  the 
weight  of  the  ball  a , in  the  latter  it 
has  to  refill  the  weight  multiplied 
into  its  motion,  or  velocity. 
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Charles.  Then  the  momentum  of 
a finall  body,  whofe  velocity  is  very 
great,  may  be  equal  to  that  of  a very 
large  body  with  a flow  velocity. 

Father.  It  may,  and  hence  you 
fee  the  reafon  why  immenfe  battering 
rams,  ufed  by  the  ancients,  in  the 
art  of  war,  have  given  place  to  can- 
non balls  of  but  a few  pounds 
weight. 

Charles.  I do,  for  what  is  want- 
ing in  weight,  is  made  up  by  ve- 
locity. 

Father.  Can  you  tell  me  what 
velocity  a cannon  ball  of  28  pounds 
jnuft  have,  to  effett  the  fame  pur- 
pofes,  as  would  be  produced  by  a bat- 
tering ram  of  15,000  pounds  weight, 
and  which  by  manual  ftrength,  could 
be  moved  at  the  rate  of  only  two  feet 
in  a fcconcl  of  time  ? 
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Charles.  I think  I can  ; — the 
momentum  of  the  battering  ram 
mufl  be  efti  mated  by  its  weight,  mul- 
tiplied into  the  fpace  palled  over  in 
a fecond,  which  is  15,000  multiplied 
by  two  feet  equal  to  30,000  ; now  if 
this  momentum,  which  muft  alfo  be 
that  of  the  cannon  ball,  be  divided 
by  the  weight  of  the  ball,  it  will  give 
the  velocity  required  ; and  30,000 
divided  by  28,  will  give  for  the  quo- 
tient 1072  nearly,  which  is  the  num- 
ber of  feet  which  the  cannon  ball 
mult  pafs  over  in  a fecond,  in  order 
that  the  momenta  of  the  battering 
ram  and  the  ball  may  be  equal,  or  in 
other  words,  that  they  may  have  the 
fame  effedt  in  beating  down  an 
enemy’s  wall. 

Emma.  I now  fully  comprehend 
what  the  momentum  of  a body  is,' 

VOL.  I. 
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for  if  I let  a common  trap-ball  acci- 
dentally fill  from  my  hand,  upon 
my  loot,  it  occafions  more  pain  than 
the  mere  prelfure  of  a weight  feveral 
times  heavier. 

Father.  If  you  let  a pound,  or 
a hundred  pounds  fall  on  the  floor, 
only  from  the  height  of  an  inch  and 
a quarter,  it  will  ftrike  the  door  with 
a momentum  equal  to  double  its 
weight : and  if  you  let  it  fall  from 
four  times  that  height,  or  five  inches, 
it  AV’ill  have  double  that  effedt ; — and 
if  it  fall  nine  times  that  height,  or 
eleven  inches  and  a quarter,  it  will 
have  treble  the  effedt ; — and  by 
falling  fixteen  times  the  height,  or 
twenty  inches,  it  will  have  four  times 
*he  effect,  and  fo  on.  Hence  it  is  plain, 
that  if  you  let  the  ball  drop  from 
your  hand  at  the  height  of  twenty 
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inches  only,  it  will  have  eight  times 
more  effeCt  in  caufing  pain  than  the 
mere  preffure  of  the  ball  itfelf. 

Charles.  If  the  attraction  of  gra- 
vitation be  a power  by  which  bodies 
in  general  tend  towards  each  other, 
why  do  all  bodies  tend  to  the  earth 
as  a center  ? 

Father.  I have  already  told  you 
that  by  the  great  law  of  gravitation, 
the  attraction  of  all  bodies  is  in  pro- 
portion to  the  quantity  of  fnatter 
which  they  contain.  Now  the  earth, 
being  fo  immenfely  large  in  compari- 
fon  of  all  other  fubftances  in  its  vi- 
cinity, deftroys  the  effect  of  this  at- 
traction between  fmaller  bodies,  by 
bringing  them  all  to  itfelf. — -If  two 
balls  are  let  fall  from  a high  tower 
at  a finall  diltance  apart;  though 
they  have  an  attraction  for  one  ano- 
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ther,  yet  it  will  be  as  nothing  when 
compared  with  the  attradtion  by 
which  the}’  are  both  impelled  to  the 
earth,  and  confequently  the  tendency 
which  they  mutually  have  of  ap- 
proaching one  another  will  not  be 
perceived  in  the  fall.  If,  however, 
any  two  bodies  were  placed  in  free 
ipace,  and  out  of  the  fphere  of  the 
earth’s  attradlion,  they  would,  in  that 
cafe,  alfuredly  fall  toward  each  other, 
and  that  with  increafed  velocity  as 
they  came  nearer.  If  the  bodies 
were  equal,  they  would  meet  in  the 
middle  point  between  the  two ; but 
if  they  were  unequal,  they  would 
then  meet  as  much  nearer  the  larger 


one,  as  that  contained  a greater  quan- 
tity of  matter  than  the  other. 

Charles.  According  to  this,  the 
earth  ought  to  move  towards  falling 
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bodies,  as  well  as  they  move  to 
it. 

Father.  It  ought,  and,  in  juft 
theory,  it  does,  but  when  you  calcu- 
late how  many  million  of  times 
larger  the  earth  is  than  any  thing 
belonging  to  it : and  if  you  reckon 
the  fmall  difiances  from  which  bo- 
dies can  fall,  you  will  then  know 
that  the  point  where  the  falling  bo- 
dies and  earth  will  meet,  is  removed 
only  to  an  indefinitely  fmall  diltance 
from  its  furfia.ce,  a diltance  much  too 
fmall  to  be  conceived  by  the  human 
'imagination. 

We  will  refume  the  fubjetft  of  gra- 
vity to-morrow. 
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CONVERSATION  VII. 


Of  the  Attraction  of  Gravitation. 

EMMA.  lias  the  attraction  of 
gravitation,  papa,  the  fame  effect  on 
all  bodies,  whatever  be  their  diftance 
from  the  earth? 

Father.  No  ; this,  like  every 
power  which  proceeds  from  a center, 
dccreafes  as  the  fquares  of  the  dis- 
tances from  that  center  increase. 

Emma.  I fear  that  I Shall  not  un- 
derstand this  unlefs  you  illuftrate  it 
by  examples. 

Father.  Suppofe  you  are  reading 
at  the  distance  of  one  foot  from  a 


attraction  of  gravitation.  55 

candle,  and  that  you  receive  a cer- 
tain quantity  of  light  on  your  book  ; 
now  if  you  remove  to  the  diftance  of 
two  feet  from  the  candle,  you  will, 
by  this  law,  enjoy  four  times  lefs 
light  than  you  had  before  ; here  then 
though  you  have  increafed  your  dif- 
tance  but  two-fold,  yet  the  light  is 
diminilhed  four-fold,  becaufe  four  is 
the  fquare  of  two,  or  two  multiplied 
by  itfelf.  If  in  head  of  removing 
two  feet  from  the  candle,  you  take 
your  ftation  at  3,  4,  5,  or  6 feet  dif- 
tance,  you  will  then  receive  at  the 
different  diftances,  9,  1 6,  25,  3b 
times  Ids  light  than  when  you  were 
within  a fingle  foot  from  the  candle, 
for  thefe,  as  you  know,  are  the 
fquares  of  the  numbers,  3,  4,  5 and  6. 
The  fame  is  applicable  to  the  heat 
imparted  by  a fire  ; at  the  difiance  of 
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one  yard  from  which,  a perfon  will 
enjoy  four  times  asTnuch  heat,  as  he 
who  fits  or  hands,  two  yards  from  it; 
and  nine  times  as 'much-  as  one  that 
fhall  be  removed  to  the  diftance  of 
three  yards. 

Charles.  Is  then  the  attraction  of 
gravity  four  times  lefs  at  a yard  dif- 
tance from  the  earth,  than  it  is  at 
the  fur  face  ? 

Father.  No ; whatever  be  the 
caufe  of  attraction,  which  to  this 
day  remains  undil’covered,  it  acts 
from  the  center  of  the  earth,  and 
not  from  its  furface,  and  hence  the 
difference  of  the  power  of  gravity 
cannot  be  difeerned  at  the  I’m  all  dif- 
tances  to  which  we  can  have  accefs  ; 


higher  than,  in  general,  we  have  op- 
portunites  of  making  experiments,  is 
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nothing  in  comparison  of  4000  miles, 
the  diflan ce  of  the  center  from  the 
furface  of  the  earth.  But  could  we 
afcend  4000  miles  above  the  earth, 
and  of  courfe  be  double  the  difhnce 
that  we  now  are  from  the  center,  we 
fhould  there  find  that  the  attractive 
force  would  be  but  one  fourth  of  what 
it  is  here;  or  in  other  words  that  a 
body,  which,  at  the  furface  of  the 
earth,  weighs  one  pound,  and,  by  the 
force  of  gravity,  falls  through  fixteeu 
feet  in  a fecond  of  time,  would  at 
4000  miles  above  the  earth  weiffh  but 
a quarter  of  a pound,  and  fall  through 
only  four  feet  in  a fecond. * 

* Ex.  Suppofe  it  were  required  to  find  the 
weight  of  a leaden  ball,  at  the  top  of  a mountain 
three  miles  high,  which,  on  the  furface  of  the 
earth  weighs  2olb. 

If  the  femi-diameter  of  the  earth  be  taken 
at  4000 ; then  add  to  this  the  height  of  the 
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Emma.  Iiow  is  that  known,  papa, 
for  nobody  ever  was  there  ? 

Father.  You  are  right,  my  dear, 
for  Garnerin,  who  laft  fummer  afto- 
H iflied  all  the  people  of  the  metropolis 
and  its  neighbourhood,  by  his  flight 
in  a balloon,  alcended  but  a little  way- 
in  companion  of  the  diltance  that  ive 
are  fpeaking  of.  However  I will  try 
to  explain  in  what  manner  philoso- 
phers have  come  by  their  knowledge 
on  this  fubjeCl. 

The  moon  is  a heavy  body  con- 
ceded with  the  earth  by  this  bond  of 
attraction,  and  by  the  molt  accurate 

mountain,  and  fay  as  the  fquare  of  4003  is  to 
the  fquare  of  4000,  fo  is  2olb.  to  a fourth  pro- 
portional : or  as  16024099:  16000000:20: 
19.  97  or  fomcthing  more  than  191b.  15I0Z, 
which  is  the  weight  of  the  leaden  ball  at  the 
U-p  of  the  mountain. 
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observations,  it  is  known  to  be  ober 
client  to  the  fame  laws  as  other  heavy 
bodies  are  : its  diftance  is  alfo  clearly 
afcertained,  being  about  £40,000 
miles,  or  equal  to  about  fixty  ft»mi- 
diameteTs  of  the  earth,  and  of  courfe 
the  earth’s  attraction  upon  the  moon 
ought  to  dimiuilh  in  the  proportion 
of  the  fquare  of  this  diftance,  that 
is,  it  ought  to  be  60  times  6’0,  or 
3b00  times  lefs  at  the  moon  than  it  is 
at  the. furface  of  the  earth.  This  is 
found  to  be  the  cafe. 

Again,  the  earth  is  not  a perfect 
fphere,  but  a fpheroid,  that  is  of  the 
fhape  of  an  orange,  rather  flat  at  the 
two  ends  called  the  poles,  and  the 
diftance  from  the  centre  to  the  poles  . 
is  about  feventeen  or  eighteen  miles 
lefs  than  its  diftance  from  the  center 
to  the  equator,  confcquently,  bodies 
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ought  to  be  fomething  heavier  at, 
and  near  the  poles,  than  the)T  are  at 
the  equator,  which  is  all’o  found  to 
be  the  cafe.  Hence  it  is  inferred 
that  the  attraction  of  gravitation  va- 
ries at  all  diftances  from  the  center 
of  the  earth,  in  proportion  as  the 
fquares  of  thofe  diftances  incrcafe. 

Charles.  It  feems  very  furprifing 
that  philofophers  who  have  difco- 
vered  fo  many  things,  have  not  been 
able  to  find  out  the  caufe  of  gravity. 
Had  Sir  Ifaac  Newton  been  afkcd 
why  a marble,  dropped  from  the 
hand,  falls  to  the  ground,  could  he 
not  have  affigued  the  reafon  ? 

Father.  That  great  man,  probably 
the  greateft  man  that  ever  adorned 
this  world,  was  as  modeft  as  he  was 
great,  arid  he  would  have  told  you 
he  knew  not  the  caufe. 
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The  excellent  and  learned  Dr. 
Price,  in  a work  which  he  publifhed 
eighteen  vearsago,  afks,  “ who  does 
not  remember  a time  when  he  would 
have  wondered  at  the  queftion,  why 
; does  water  run  down  hill  ? What  ig- 
> norant  man  is  there  who  is  not  per- 
-fuaded  that  lie  underfiands  this  per- 
: fcctly  ? But  every  improved  man 
'■  knows  it  to  be  a queftion  lie  cannot 
i anfwer.”  For  the  defeent  of  water, 
like  that  of  other  heavy  bodies,  de- 
pends upon  the  attraction  of  gravi- 
tation, the  caufe  of  which  is  hill  in- 
volved in  darknefs. 

Emma.  \ ou  juft  now  fa  id  that 
heavy  bodies  by  the  force  of  gravity 
fall  fixteen  feet  in  a fecond  of  time, 
is  that  always  the  cafe  ? 

Father.  Yes,  all  bodies  near  the 
furfacc  of  the  earth  fall  at  that  rate 
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in  the  theft  fccond  of  time,  but  as  the 
attraction  of  gravitation  is  continu- 
ally aCting,  fo  the  velocity  of  falling 
bodies  is  an  increasing,  or  as  it  is- 
ufually  called,  an  accelerating  velo- 
city. It  is  found  by  very  accurate 
experiments,  that  a body,  descending; 
from  a confiderable  height  by  the 
force  of  gravity,  falls  16  feet  in  the 
firft  fecond  of  time;  3 times  16  feet 
in  the  next;  5 times  16  feet  in  the 
third  ; 7 times  16  feet  in  the  fourth 
fecond  of  time ; and  fo  on,  continu- 
ally .in creating  according  to  the  odd 
numbers,  1,  3,  5,  7,  9,  1ft  &<n 
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CONVERSATION  VIII* 


Of  the  Attraction  of  Gravitation. 

EMMA.  And  would  a ball  of 
twenty  pounds  weight  here,  weigh 
half  an  ounce  lefs  on  the  top  of  the 
mountain  ? 

Father.  Certainly:  but  you  would 
not  be  able  to  aleertain  it  by  means 
of  a pair  of  feales  and  another 
weight,  becaufe  both  weights  being 
in  fimilar  fituations  would  lofe  equal 
portions  of  their  gravity. 

Emma.  How,  then,  would  you 
make  the  experiment? 

Father.  By  means  of  one  ofthofe 
*/ 

g 2 
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steel  fpiral-fpring  inftruments  which 
you  have  feen  occafionally  ufed,  the 
fa<5t  might  be  afcertained. 

Charles.  I think,  from  what  you 
told  us  yefterday,  that  with  the 
affiftance  of  your  ftop  watch,  1 could 
tell  the  height  of  any  place,  by  ob- 
ferving  the  number  of  feconds,  that 
a marble  or  other  heavy  body  would 
take  in  falling  from  that  height. 

Father.  How  would  you  perform 
the  calculation? 

Charles.  I fhould  go  through  the 
multiplications  according  to  the 
number  of  feconds,  and  then  add 
them  together. 

Father,  Explain  yourfelf  more 
particularly  ; — fuppofing  you  were 
to  let  a marble  or  penny-piece  fall 
down  that  deep  well  which  we  faw 
laft  fummer  in  the  brick  field  near 
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Ramfgate,  and  that  it  was  exactly 
five  feconds  in  the  defcent,  what 
would  be  the  depth  of  the  well  ? 

Charles.  In  the  fir  ft  fecond  it 
would  fall  16  feet;  in  the  next  3 
times  16  or  48  feet;  in  the  third  5 
times  16  or  80  feet ; in  the  fourth  7 
times  16  or  112  feet;  and  in  the 
fifth  fecond  9 times  16  or  144  feet: 
now  if  I add  16,  48,  80,  112,  and 
144  together,  the  fum  will  be  400 
feet,  which  according;  to  vour  rule  is 
the  depth  of  the  well.  But  was  the 
well  fo  deep  ? 

Father.  I do  not  think  it  was,  but 
we  did  not  make  the  experiment ; 
fiiould  we  ever  go  to  that  place  again, 
you  may  fatisfy  your  curiofity.  You 
recollect  that  at  Dover  Caftle  we  were 
told  of  a well  there  36 0 feet  deep. 

Though  your  calculation  was  ac- 

•»  G 3 
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curate,  yet  it  was  not  done  as  nature 
effects  her  operations,  it  was  not 
performed  in  the  ffiorteff  way. 

Charles.  I fiioujd  be  pleafed  to 
know  an  eafier  method ; this  how- 
ever is  very  fun  pie,  it  required  no- 
thing but  multiplication  and  addi- 
tion. 

Father.  True,  but  fuppofe  I had 
given  you  an  example  in  which  the 
number  of  feconds  had  been  fifty  in- 

v 

ftead  of  five,  the  work  would  have 
taken  you  an  hour  or  more  to  have 
performed : whereas,  by  the  rule 
which  I am  going  to  give,  it  might 
have  been  done  in  half  a minute. 

Charles.  Pray  let  me  have  it, 
papa,  I hope  it  will  be  cafily  remem- 
bered. 

Father.  It  will ; I think  it  can- 
not be  forgotten  after  it  is  once  uu- 
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derftood.  The  rule  is  this,  “ the 
f paces  defcribed  by  a body  falling 
freely  from  a fate  o f ref , incrcafe  as 
the  squares  of  the  times  encreafeC 
Confcquently  you  have  only  to 
fquare  the  number  of  feconds,  that 
is,  you  know,  to  multiply  the  num- 
ber into  itfelf;  and  then  multiply 
that  again  by  fixteen  feet,  the  fpace 
which  it  defcribes  in  the  firft  fecond,, 
and  you  have  the  required  anfwe'r. 
Now  try  the  example  of  the  zrell. 

Charles.  The  fquare  of  5,  for  the 
time,  is  25,  which  multiplied  by  \6 
gives  400,  juft  as  I brought  it  out 
before,  Now  if  the  feconds  had  been 
50,  the  anfwer  would  be  50  times 
50,  which  is  2500,  and  this  multi- 
plied by  lb,  gives  40,000  for  tho 
ipace  required. 

Father.  I will  now  a£k  your  filler 
4 
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a queftion  to  try  how  fhe  bis  un~ 
derftood  this  fubjedt.  Suppofe  you 
obferve  by  this  watch  that  the  time 
of  the  flight  of  your  brother’s  arrow 
is  exactly  fix  feconds,  to  what  height 
does  it  rife  ? 

Emma.  This  is  a different  quef- 
tion, becaufe  here  the  afcent  as  well 
as  the  fall  of  the  arrow  is  to  be  con- 
fidered. 

Father.  But  vou  will  remember. 

* 

that  the  time  of  the  afcent  is  always 
equal  to  that  of  the  defeent ; for  as 
the  velocity  of  the  defeent  is  gene- 
rated by  the  force  of  gravity,  lb  is 
the  velocity  of  the  afcent  dellroycd 
bv  the  fame  force. 

Emma.  Then  the  arrow  was  three 
feconds  only  in  falling;  now  the 
fquare  of  3 is  9,  wjjicli  multiplied  by 
16,  for  the  number  of  feet  delcribcd 
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in  the  firft  fccond,  ifl  equal  to  144 
feet  the  height  to  which  it.  role. 

Father.  Now,  Charles,  if  I get 
you  a bow  which  will  carry  an  arrow 
lb  high  as  to  be  fourteen  fcoonds  in 
it  i flight,  can  you  tell  rne  the  height 
to  which  it  afeend#  ? 

(Funic::.  I can  new  an fwer  you 
without  limitation  ; — it  will  be  7 ft> 
COnds  in  falling,  the  fquarc  of  which 
h A'j,  and  this  again  multiplied  by 
lb  will  give  4 feet,  or  rather  more 
than  l2G  J yards  for  the  an  fwer. 

Lather.  If  you  will  now  confidcr 
the  example  v/hich  you  did  the  long 
v/  iy,  you  will  fee  that  the  rule  which 
I have  given  you  anfv/ers  very  com- 
pletely. In  the  firft  lecond  the  body 
fell  lb  feet,  and  in  the  next  4H, 
theft;  added  together  make  6‘4,  which 
is  the  fquare  of  the  2 fceondb  multi- 
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pi i eel  by  16.  The  fame  holcjs  true 
of  the  3’firfl  feconds,  for  in  the  third 
fecond  it  fell  80  feet,  which  added 
to  the  64r.  give  144  equal  to  the 
fquare  of  3 multiplied  by  16.  Again, 
ill  tlie  fourth  fecond  it  fell  1 12  feet, 
which  added  to  144,  give  256  equal 
to  the  fquare  of '4  multiplied  by  16: 
and  in  the'  fifth  fecond  it  fell  i44 
feet,  which  added  to  256,  give  400 
equal  to  the  fquare  of  5 multiplied 
by  16.  Thus  you  will  find,  the  rule 
holds  iii  all  cafes,  • that  the  fpaces 
deferibed  by  bodies  falling  freely  from 
a fate  of  ref,  incrcafe  as  the 
squares  of  the  times  incrcafe.  - 

Charles.  I think  I filial!  not  for- 
o-ct  the  rule.  I will  a'lfo-  fhew  my 
coufin  Henry  ho'w  he  may  know  the 
height  to  which  his  bow  will  carry. 

Father \ The  fureft  way  of  keep- 
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jng  what  knowledge  we  liave  ob- 
tained, is  by  communicating  it  to 

our  friends. ... . ' 

..... 

Charles , It  is  a very  pleafant 
circumftance  indeed,  that  the  giving 
away  is  the  beft  method  of  keeping, 
for  I am  fure,  the  being  able  to  ob- 
lige one’s  friends  is  a molt  delight- 
fill  thing. 

Father.  I have  byt  a word  or 
two  more  on  the  fubjeft : — fmee  the 
whole  fpcices  deferibed.  iucreafe  as  the 
fquares  of  the  times  increafe,  fo  alfo 
the  velocities  of  falling  bodies  in- 
creafe in  the  fame  proportion  for 
you  know  that  the  velocity  mult  be 
meafured  by  the  fpace  palled  through. 
Thus  if  a peifon  travels  fix  miles  aa. 
hour,  and  another  perfon  travels 
twelve  miles  in  the  fame  time,  the 
latter  will  go  with  double  the  velocity 
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of  the  former;  confequently  the  velo- 
cities of  falling  bodies  increafe  as  the 
fquares  of  the  times  increafe. 

If  now  you  compare  the  fpaces 
defcribed  by  falling  bodies  in  the 
fever  al  moments  of  time  taken  fcpa- 
rately , and  in  their  order  from  the 
beginning  of  the  fall,  then  they, 
and  confequently  their  velocities  alfo, 
are  to  one  another  as  the  odd  num- 
bers, 1,  3,  5,  7,9,  11,  13,  &c.  taken 
in  their  natural  order,  as  you  will 
obferve  by  reflecting  on  the  foregoing 
examples. 

With  this  we  conclude  our  prefent 
convolution. 


b 
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CONVERSATION  IX, 


On  the  Center  of  Gravity. 

FATHER.  We  are  now  going 
to  treat  upon  the  Center  of  Gravity , 
which  is  that  point  of  a body,  in 
which  its  whole  weight  is  as  it  were 
concentrated,  and  upon  which  if 
the  body  be  freely  ful pended  it  will 
reft ; and  in  all  other  portions  it 
will  endeavour  to  defcend  to  the 
.lowed  place  to  which  it  can  get. 

Charles.  All  bodies  then,  of 
whatever  fhape,  have  a centre  of 
gravity  ? 

VOL.  i.  H 
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Father.  They  have  : and  if  you 
conceive  a line  drawn  from  the  cen- 
ter of  gravity  of  a body  towards  the 
center  of  the  earth,  that  line  is  called 
the  line  of  direction , along  which 
every  body,  not  fupported,  endea- 
vours to  fall.  If  the  line  of  direction 
fall  within  the  bale  of  any  body,  it 
Avill  ftand  ; but  if  it  does  not  fall 
within  the  bale,  the  body  will  fall. 

If  I place  the  piece  of  wood  a 
(Plate  I,  Pig.  7.)  on  the  edge  of  a 
table,  and  from  a pin  a at  its  center 
of  gravity  be  hung  a little  weight  /;, 
the  line  of  direction  ab  falls  within 
the  bafe,  and  therefore,  though  the 
wood  leans,  yet  it  ftands  fecure.  But 
if  upon  a,  another  piece  of  wood  b 
be  placed,  it  is  evident  that  the  cen- 
ter of  gravity  of  the  whole  will  be 
now  railed  to  c,  at  which  point  if  a 
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i weight  be  hung,  it  will  be  found 
i that  the  line  of  direction  falls  out 
of  the  bafe,  and  therefore  the  body 
| in uft  fall. 

Emma.  I think,  I now  fee  the 
reafon  of  the  advice  which  you  gave 
j]  me,  when  we  were  going  acrofs  the 
li  Thames  in  a boat. 

Father.  I told  you  that  if  ever 
j you  were  overtaken  by  a florin,  or 
by  a fquail  of  wind  while  you  were 
[ on  the  water,  never  to  let  your  fears 
t fo  get  the  better,  of  you,  as  to  make 
j you  rife  from  your  feat,  becaufe  by 
lb  doing  you  would  elevate  the  cen- 
i ter  of  gravity,  and  thereby,  as  is 
I evident  by  the  laft  experiment,  in- 
creafe  the  danger : whereas  if  all 
the  pcrfons  in  the  veflel,  were,  at  the 
moment  of  danger,  in  {taut  ly.  to  flip 
from  their  places  on  to  the  bottom, 
it  2 
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the  rifque  would  be  exceedingly  di- 
in inifhed,  by  bringing  the  center  of 
gravity  much  lower  within  the  vef- 
fel.  The  fame  principle  is  applicable 
to  thofe  who  may  be  in  danger  of 
being  overturned  irt  any  carriage 
'whatever. 

Emma.  Surely  then,  papa,  thofe 
ftages  which  load  their  tops  with  a 
dozen  or  more  people,  cannot  be 
fafe  for  the  paffengers. 

Father.  They  are  very  unlafe, 
but  they  would  be  more  fo,  were 
not  the  roads  about  the  metropolis 
remarkably  even  and  good  ; and,  in 
•general,  it  is  only  within  twenty  or 
thirty  miles  of  London,  or  other 
great  towns,  that  the  tops  of  car- 
riages are  loaded  to  excefs. 

Charles.  I underhand  then,  that 
the  nearer  the  center  of  gravity  is 


CENTER  OF  GRAVITY.  77 

to  the  bafe  of  a body,  the  firmer  it 
will  ftand. 

Father'.  Certainly,  and  hence 
yon  learn  the  reafon  why  conical 
bodies  ftand  fo  fare  on  their  bafes, 
for  the  tops  being  (mail  in  compari- 
fbn  of  the  lower  parts,  the  center  of 
gravity  is  thrown  very  low  : and  if 
the  cone  be  upright  or  perpendicular, 
the  line  of  direction  falls  in  the  mid- 
dle of  the  bafe,  which  is  another 
fundamental  property  of  fteadinefs 
in  bodies.  For  the  broader  the  bafe, 
and  the  nearer  the  line  of  direction 
is  to  the  middle  of  it,  the  more 
firmly  docs  a body  ftand : but  if  the 
line  of  direction  fall  near  the  ^dge 
the  body  is  eafily  overthrown. 

Charles.  Is  that  the  reafon  why 
a ball  is  fo  eafily  rolled  along  a ho- 
rizontal plane? 

H 3 
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Father*  It  is  ; tor  in  ali  tpherioal 

IyhIk's,  the'  Kill  is  hut  a point,  evn- 

ietpientiy  aimed  the*  fmallrr  force  is 

fuftieient  to  tnr.ovt'  the  no  of  dure 

fion  out  of  it.  Hence  it  is  evident, 

that  heavy  bodies  f mated  on  an  iu- 

chned  piano  will,  while  the  line  of 

direction  fails  within  the  kite,  fade 

down  upon  the  plane:  hut  the\  will 

:vil  when  that  hue  tails  without  the 

hair.  The  body  a (Piute  1.  Fie;.  8.  'l 

will  Fide  down  the  plane  re.  but  the 

bodies  n ami  c will  roll  dow  n ir. 

i I h.ave  fern  buildings 

lean  very  imioh  out  of  a ft: .right  1 to, 

whv  do  they  not  ta 
« * 

Fitthe*.  It  does  nor  follow,  he- 
rein e a building  leans,  that  the  cen- 
ter of  ovuvitv  does  not  tall  we. h " t e 
» % 

kite  There  is  a h'yh  .owevat  P .in, 
* town  in  Italy,  which  leans  fmeeu 
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feet  out  of  the  perpendicular  ; ftran- 
gers  tremble  to  pats  by  it,  ftill  it  is 
found  by  experiment  that  the  line  of 
direction  falls  within  the  bafe,  and 
therefore  it  will  hand  while  its  mate- 
rials hold  together. 

A v'all  at  Bridgenorth  in  Shrop- 
ihire,  which  I have  feen,  hands  in  a 
fimilar  fituation,  for  fo  long  as  a line 
cb  (Plate  it.  Fig.  9.)  let  fall  from  the 
center  of  gravity  c of  the  building 
A.B,  pailes  within  the  bafe  cb,  it 
will  remain  firm,  unlefs  the  materials 
with  which  it  is  built  go  to  decay. 

Charles.  It  in uft  be  of  great  ufe 
in  many  cafes  to  know  the  method 
of  finding  the  center  of  gravity  in 
different  kinds  of  bodies. 

Father.  There  are  many  eafy 
rules  for  this  with  refpe£t  to  all  ma- 
nageable bodies : I will  mention  one, 
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■which  depends  on  the  property 
which  the  center  of  gravity  has,  of 
always  endeavouring  to  defeeud  to 
the  lowed;  point. 

If  a body  a (Plate  n.  Fig.  10.)  he 
freely  fufpended  on  a pin  a,  and  a 
plumb  line  a b be  hung  by  the  fame 
pin,  it  will  pafs  through  the  center 
of  gravity,  for  that  center  is  not 
in  the  lowed  point,  till  it  fall  in  the 
fame  line  as  the  plumb  line.  Mark 
the  line  an  ; then  hang  the  body  up 
by  any  other  point,  as  d,  with  the 
plumb  line  de,  which  will  alfo  pafs 
through  the  center  of  gravity  for 
the  fame  reafon  as  before : and 

therefore  as  the  center  of  gravity  is 
fomewhere  in  a b,  and  alfo  in  fome 
point  of  de,  it  mud  be  in  the  point 
c where  thofe  lines  crofs. 
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CONVERSATION  X. 

J 


Of  the  Center  of  G fcCoity. 

CHARLES.  How  do  thofe  peo- 
ple who  have  to  load  carts  and  wag- 
gons with  light  goods,  as  hay,  wool, 
See.  know  where  to  find  the  center 
of  gravity  ? 

Father.  Perhaps  the  generality 
of  them  never  heard  of  fuch  a prin- 
ciple ; and  it  feems  furprifing  that 
they  fhould  neverthelefs  make  up 
their  loads,  with  fuch  accuracy  as  to 
keep  the  line  of  direction,  in  or  near 
the  middle  of  the  bale. 

Emma.  I have  Ibmetimes  trem- 
bled to  pafs  by  the  hop  •waggons 
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which  we  have  met  on  the  Kent 

- / 

road. 

Father.  And  without  any  im- 
peachment of  your  courage,  for  they 
are  loaded  to  fucli  an  enormous 
height,  that  they  totter  every  inch 
of  the  road.  It  would  indeed  be 
impoffible  for  one  of  thefe  to  pafs 
with  tolerable  fecurity  along  a road 
much  inclined,  the  center  of  gravity 
being  removed  fo  high  above  the 
body  of  the  carriage,  a fmall  declina- 
tion on  one  fide  or  the  other  would 
throw  the  line  of  dire&ion  out  of 
the  bafe. 

Emma.  When  brother  James  falls 
about,  is  it  becaufe  be  cannot  keep 
tbe  center  of  gravity  between  his 
feet  ? 

Father.  That  is  the  precife  rea- 
fon  why  any  perfon,  whether  old  or 
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young,  falls.  • And  hence  you  learn 
that  a man  hands  much  firmer  with 
his  feet  a little  apart  than  if  they’ 
were  quite  dole,  for  by  feparating 
them  he  increafcs  the  bafc.  Hence 
alfo  the  difficulty  of  fuftaining  a tall 
body,  as  a walking  cane,  upon  a 
narrow  foundation. 

Emma.  How  do  rope  and  wire 
dancers,  whom  I have  feen  at  the 
Circus,  manage  to  balance  them- 
felves  ? 

Father.  They  generally  hold  a 
long  pole,  with  weights  at  each  end, 
acrofs  the  rope  on  which  they  dance, 
keeping  their  eyes  fixed  on  fome  ob- 
ject parallel  to  the  rope,  by  which 
means  they  know  when  their  center 

of  g 

ravity  declines  to  one  fide  of  the 
rope  or  the  other,  and  thus  by  the 
help  ol  the  pole,  they  are  enabled  to 
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keep  the  center  of  gravity  over  the 
bafe,  narrow  as  it  is.  It  is  not  how*- 
ever  rope-dancers  only,  who  pay  at- 
tention to  this  principle,  but  the 
moft  common  aftions  of  the  people  in 
general,  are  regulated  by  it. 

Charles.  In  what  re fp efts  ? 

Father.  We  bend  forward,  when 
we  go  up  ft  airs,  or  life  from  our 
chair,  for  when  we  are  fitting,  our 
center  of  gravity  is  on  the  feat,  and 
the  line  of  direftion  falls  behind  our 
bafe ; we  therefore  lean  forwards  to 
bring  the  line  of  direftion  towards 
our  feet.  For  the  fame  reafon  a 
man  carrying  a burden  on  his  back 
leans  forward : and  backward  if  lie 
carries  it  on  his  breaft.  If  the  load 
be  placed  on  one  flioulder  he  leans 
to  the  other.  If  we  flip  or  ftumble 
with  one  foot,  we  naturally  extend 
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the  oppofite  arm,  making  the  fame 
life  of  it  as  the  rope-dancer  does  of 
his  pole. 

This  property  of  the  center  of 
gravity  always  endeavouring  to  de- 
fcend,  will  account  for  appearances, 
•which  are  fometimes  exhibited  to 
excite  the  furprife  of  lpe&ators. 

Emma.  What  are  thole,  papa  ? 

Father.  One  is,  that  of  a double 
cone,  appearing  to  roll  up  two  in- 
clined planes,  forming  an  angle  with 
each  other,  for  as  it  rolls  it  finks 
between  them,  and  by  that  means 
the  center  of  gravity  is  actually 
defeending.  -j 

Let  a body  ef  (Plate  n.  Fig.  J3.) 
Cwntifting  ol  two  equal  cones  united 
at.  their  bafes,  be  placed  upon  the 
edges  of  two  ftrajght  fmooth  mlers, 
ad  and  qn,  which  at  one  end  meet 
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in  an  angle  at  a,  and  reft  on  an  ho- 
rizontal  plane ; and  at  the  other  are 
raifed  a little  above  the  plane  ; the 
body  will  roll  towards  the  elevated 
end  of  the  rulers,  and  appear  to  af- 
cend;  the  parts  of  the  cone  that  reft 
on  the  rulers  growing  fmaller  as  they 
go  over  a larger  opening,  and  thus 
letting  it  down,  the  center  of  gravity 
defcends.  But  you  muft  remember- 
that  the  height  of  the  planes  muft: 
be  lefs  than  the  radius  of  the  bafc  of 
the  cone. 

Charles.  Is  it  upon  this  .principle 
.'that  a . cylinder  is  made  to  roll  upi 


hill? 

Father..  Yes  it  . is,  but  this  can 
be  eflfe&ed  only  to  a fmnll  diftanee. 
If  a cylinder  of  pafte-board,  or  very- 
light  wood  ae,  (Plate  u-  Pig.  11.) 
having  its  center  of  gravity  at  c,  be 
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placed  on  the  inclined  plane  cd,  it 
will  roll  down  the  inclined  plane,  be- 
caufe  a line  of  direction  from  that 
center  lies  out  of  the  bafe.  If  I 
now  fill  the  little  hole  o with  a plug 
of  lead,  it  will  roll  up  the  inclined 
plane,  till  the  lead  gets  near  the 
bafe,  where  it  will  lie  ftill : becaufe 
the  center  of  gravity  by  means  of 
the  lead  is  removed  from  c towards 
the  plug,  and  therefore  is  defeending, 
though  the  cylinder  is  afeending. 

Before  I put  an  end  to  this  fub- 
jeft,  I will  fhew  you  another  experi- 
ment, which  without  underftandinGr 

O 

the  principle  of  the  center  of  gravity 
cannot  be  explained.  Upon  this 
ftick  a,  (Plate  u.  Fig.  12.)  which, 
ot  itlelf,  would  fall,  becaufe  its  cen- 
ter of  gravity  hangs  over  the  table 
ef,  I fufpeud  a bucket  n,  fixing 
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another  flick  ct9  one  end  in  a notch 
at  k,  and  the' other  againft  the  inside 
of  the  pail  at  the  bottom.  Now 
you  will  fee  that  the  bucket  will,  in 
this  pofition,  be  fupported,  though 
filled  with  water.  For  the  bucket 
being  pnfhed  a little  out  of  the  per- 
pendicular, by  the  flick  a,  the  center 
of  gravity  of  the  whole  is  brought 
under  the  table,  and  confequently 
fupported  by  the  table. 

The  knowledge  of  the  principle  of 
the  center  of  gravity  in  bodies,  will 
enable  you  to  explain  the  flrudlure  of 
a variety  of  toys  which  are  put  into 
the  hands  of  children,  fuch  as  the 
little  fawyer ; rope-dancer  ; tumbler ; 

tyc. 
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CONVERSATION  XI. 


On  the  Laws  of  Motion. 

CHARLES.  Are  you  now  go- 
ing, papa,  to  deferibe  thofe  nia-1 
chines,  which  you  call  mechanical 
powers  ? 

Father.  We  muft,  I believe,  de- 
fer that  a day  or  two  longer,  as  I 
have  a few  more  general  principles 
1 with  which  I with  you  previoufly 
i to  be  acquainted. 

Emma.  What  are  thefe,  papa? 

Father.  In  the  firft  place,  you 
mud  well  underhand  what  are  de- 
nominated the  three  general  laws  of 
1 3 
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motion  : the  firft  of  which  is,  11  that 
every  body  will  continue  in  its  ftate  of 
ref,  or  of  uniform  motion,  until  it 
is  compelled  by  fome  force  to  change  j 
its  k fate  *.  ” 

Charles.  There  is  no  difficulty  i 
of  conceiving  that  a body,  as  this 
ink-fland,  in  a ftate  of  reft  muft  al- 
ways  remain  fo,  if  no  external  force 
be  impreffed  upon  it  to  give  it  mo- 
tion. But  I know  of  no  example 
which  will  lead  me  to  fuppofe,  that  a ; 

* The  Author  is  aware  that  this  law  of  mo. 
tion  is  not  admitted  by  Tome  modern  philofo- 
phers  of  high  name ; to  him,  however,  their  I 
re afo fling's  appear  inconclufive.  At  any  rate, 
in  a work  intended  for  very  young  minds,  he  | 
thinks  it  a duty  to  avoid  metapkyfical  dif. 
tinftions : preferring,  at  all  times,  rather  to  i 
guide  them  by  matters  of  fa&,  than  to  load  i 
their  tender  memories  with  curious  and  fubrile 
theories. 
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body  once  put  into  motion  would  of 
itfelf  continue  fo. 

Father.  You  will,  I think,  pre- 
fently  admit  the  latter  part  of  the 
affertion  as  well  as  the  former,  al- 
though it  cannot  be  eftablifhed  by 
experiment. 

j Emma.  I dial l be  glad  to  hear 
how  this  is. 

Father.  You  will  not  deny  that 
the  ball  winch  vou  ft r ike  from  the 

•j 

trap,  has  no  more  power  either  to 
deftroy  its  motion,  or  caufe  any 
change  in  its  velocity,  than  it  has  to 
change  its  fhape. 

Charles.  Certainly,  neverthelefs, 
in  a few  fcconds  after  I have  (truck 
the  ball  with  all  my  force,  it  falls  to 
the  ground,  and  then  hops. 

Father.  Do  you  find  no  differ- 
ence in  the  time  that  is  taken  up 
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before  it  comes  to  relt,  even  fupt 
pofing  your  blow  the  fame? 

Charles.  Yes,  if  I am  playing  on 
the  grafs  it  rolls  to  a lefs  diftance, 
than  when  I play  on  the  finooth 
gravel. 

Father.  You  find  a like  differ- 
ence when  you  are  playing  at  mar- 
bles, if  you  play  in  the  gravel  court, 
or  on  the  even  pavement  in  the  ar- 
cade. 

Charles.  The  marbles  run  fo  ea- 
fily  on  the  finooth  ft  ones  in  the  ar- 
cade, that  we  can  fcarcely  ihoot  with 
a force  finall  enough. 

Emma.  • And  I remember  Charles 
and  my  coufin  were,  laft  winter, 
trying  how  far  they  could  ihoot 
their  marbles  along  the  ice  in  the 
canal ; and  they  went  a prodigious 
diftance,  in  companion  of  that  which 
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they  would  have  gone  on  the  gravel, 
or  even  on  the  pavement  in  the  ar- 
cade. 

Father.  Now  thefe  inftances  pro- 
perly applied  will  convince  you,  that 
a body  once  put  into  motion,  would 
go  on  for  ever,  if  it  were  not  com- 
pelled by  fome  external  force  to 
change  its  ftate. 

Charles . I perceive  what  you  are 
going  to  fay  : — it  is  the  rubbing  or 
frifition  of  the  marbles,  again  ft  the 
ground  which  does  the  bufinefs.  For 
on  the  pavement  there  are  fewer  ob- 
ftacles  than  on  the  gravel,  and  fewer 
on  the  ice  than  on  the  pavement ; 
and  hence  you  would  lead  us  to  con- 
clude, that  if  all  obftacles  were  re- 
moved, they  might  proceed  on  for 
ever.  But  what  are  we  to  fay  of  the 
ball,  what  ftops  that  ? 
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Father.  Befides  friction,  there  ns 
another  and  frill  more  important  cir- 
cumftance  to  be  taken  into  confider- 
ation,  which  aflefts  the  ball,  mar- 
bles, and  every  body  in  motion. 

Charles.  I underhand  you,  that 
is  the  attraftion  of  gravitation. 

Father.  It  is  : for  from  what  we 
faid  when  we  conveifed  on  that  ful>- 
jecl,  it  appeared  that  gravity  has  a 
tendency  to  bring  every  body  in  mo- 
tion to  the  earth  ; confequently,  in 
a few  feconds,  your  ball  muft  come 
to  the  ground  by  that  caule  alone; 
but  befides  the  attraction  of  gravita- 
tion, there  is  the  rcfiltance  which  the 
air,  through  which  the  ball  moves, 
makes  to  its  pafi’age. 

Emma.  That  cannot  be  much,  I 
think. 


LAWS  OF  MOT  I OX. 


95 


Father.  Perhaps,  with  regard  to 
the  ball  (truck  from  your  brother’s 
.trap,  it  is  of  no  great  consideration, 
becaufe  the  velocity  is  but  final  1 ; 
but  in  all  great  velocities,  as  that  of  a 
ball  from  a mufket  or  cannon,  there 
will  be  a material-  difference  between 
the  theory  and  practice,  if  it  be  neg- 
lected in  the  calculation.  Move 
your  mania’s  riding-whip  through 
-the  air  llowly,  and  you  obferve  no- 
thing to  remind  you  that  there  is 
this  refifting  medium  ; but  if  you 

Swing  it  with  conliderable  fwiftnefs, 

• 

the  noife  which  it  occafions,.  will  in- 
form you  of  the  refiftance  it  meets 
with  from  Something, . which  is  the 
atmofphere.  . < ■ ■ . 

, C/iruies.  If  I now  underhand  you, 
the  force  which  compels  a .body  in 
motion,  to  hop,  is  of.  three  kinds ; 
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(1.)  the  attraction  of  gravitation  ; — 
(2.)  the  refiftance  of  the  air ; — and 
(3.)  the  refiftance  it  meets  with  from 
fri&ion. 

Fat  {ter.  You  are  quite  right. 

Charles.  I have  now  no  difficulty 
of  conceiving,  that  a body  in  motion, 
will  not  come  to  a ftate  of  reft,  till  it 
is  brought  to  it  by  an  external  force, 
acting  upon  it  in  fome  way  or  other. 
I have  feen  a gentleman,  when  i leak- 
ing on  very  flippery  ice,  go  a great 
way  without  any  exertion  to  himlelf, 
but  where  the  ice  was  rough,  he  could 
not  go  half  the  diftance  without 
making  frelh  efforts. 

Father.  I will  mention  another 
inftance  or  two  on  this  law  of  motion. 
Put  a bafin  of  water  in-to  your  little 
filter’s  waggon,  - and  when  the  water 
is  pcrfe&ly  full,  move  the  waggon, 
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and  the  water,  refitting  the  motion 
of  the  vefiel,  will  at  firft  rife  up  in 
the  dire&ion,  contrary  to  that  in 
which  the  velfel  moves.  If,  when 
the  motion  of  the  vettel  is  communi- 
cated to  the  water,  you  fuddenly  flop 
the  waggon,  the  water,  in  endea- 
vouring to  continue  the  {late  of  mo- 
tion,  rifes  up  on  the  oppofite  fide. 

In  like  manner,  if  while  you  are 
fitting  quietly  on  your  horfe,  the  anh 
Dial  Harts  forward,  you  will  be  in 
danger  of  falling  off  backward  ; but 
if  while  you  are  galloping  along,  the 
animal  ftops  on  a fudden,  you  will  be 

liable  to  be  thrown  forward. 

, » 

Charles.  This  I know  by  expe- 
rience, but  I was  not  aware  of  the 
reafon  of  it  till  to-day. 

Father.  One  of  the  firft,  and  not 
lcatt  important  ufes  of  the  principles 

VOL.  i. 


K 


MECHANICS. 


•$s 

of  natural  pli  1 lofopby  is,  that  they 
may  be  applied  to,  and  will'  explain 
many  of  the  common  concerns  of 
life. 

. We  now  come  to  the  fecond  law  of 
motion,  which  is  ; — “ that  the  change 
of  motion,  is  proportional  to  the  force 
imp  re  (Jed,  and  in  the  direction  of  that 
force.]’  , . >' 

■ Charles.  -There  is  no  difficulty  in 
this,  for  if  while  my  cricket-ball  is 
rolling  along,  .after  Henry  .-has  ftruck 
It, v I.  ftrike.it  ag^ip,-  it  goes  on  with 
increased  velocity,  and  that  in  pro- 
portion to  the  ftrength  which  I exert 
on  the  occalion  ; .whereas,  if  while  it 
is  rolling,  I ftrik,e  it  back  again,  or 
give  it  a tide  blow,  I change  the  di- 
rc6tion  of  its  coupfe. 

. father,  fn  the  fame  way,  gra- 
.vity,  andd  the  refffiaucc  Qt  the  at- 
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mofphere,  change  the  diredion  of 
a cannon-ball  from  its  courle  in  a 
ftraight  line,  and  bring  it  to  the 
ground  ; and  the  ball  goes  to  a far- 
ther or  lels  diftance,  in  proportion  to 
the  quantity  of  powder  ufed. 

The  third  law  of  motion  is ; — 
“ that  to  every  adtion  of  one  body 
upon  another,  there  is  an  equal  and 
contrary  re-a8iion.”  If  I ftrike  this 
table,  I communicate  to  it,  (which 
you  perceive  by  the  fhaking  of  the 
glades)  the  motion  of  my  hand  : and 
the  table  re-ads  again!!  my  hand, 
juft  as  much  as  my  hand  ads  againl! 
the  table. 

If  you  prefs  with  your  finger  one 
fcale  of  a balance,  to  keep  it  in  equi- 
librio  with  a pound  weight  in  the 
other  fcale,  you  will  perceive,  that 
the  fcale  prelfed  by  the  linger,  ads 
k 2 
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againft  it  with  a force  equal  to  a 
pound,  with  which  the  other  fcale  en- 
deavours to  defeend. 

A horfe  drawing  a heavy  load,  is 
as  much  drawn  back  by  the  load  as 
he  draws  it  forward. 

Emma.  I do  not  comprehend  how 
the  cart  draws  the  horfe. 

Father.  But  the  progrefs  of  the 
horfe  is  impeded  by  the  load,  which 
is  the  fame  thine: : for  the  force 
which  the  horfe  exerts  would  carry 
him  to  a greater  diftance  in  the  fame 
time,  were  he  freed  from  the  incum- 
brance of  the  load,  and  therefore, 
as  much  as  his  progrefs  falls  fhort  of 
that  diftance,  fo  much  is  he,  in 
effect,  drawn  back  by  the  re-aedion 
of  the  loaded  cart. 

Again,  if  you  and  your  brother 
were  in  a boat,  and  if,  by  means  of 
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a rope,  you  were  to  attempt  to  draw 
another  to  you,  the  boat  in  which 
you  were  would  be  as  much  pulled 
toward  the  empty  boat  as  that  would 
be  moved  to  you and  if  the  weights 
of  the  two  boats  were  equal,  they 
would  meet  in  a point  half  way  be- 
tween the  two. 

If  you  ftrike  a glafs  bottle  with  an 
iron  hammer,  the  blow  will  be  re- 
ceived by  the  hammer  and  the  glafs  ; 
and  it  is  immaterial  whether  the  ham- 
mer be  moved  againft  the  bottle  at 
reft,  or  the  bottle  be  moved  againft 
the  hammer  at  reft,  yet  the  bottle 
will  be  broken,  though  the  hammer 
be  not  injured,  bccaufe  the  fame 
blow,  which  is  fufficient  to  break 
glafs,  is  not  fufficient  to  break  or 
injure  a lump  of  iron. 
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From  this  law  of  motion  you  may 
learn  in  what  manner  a bird,  by  the 
ftroke  of  its  wing3,  is  able  to  fupport 
the  weight  of  its  body. 

Charles.  Pray  explain  this,  papa. 

Father.  If  the  force  with  which 
it  ftrikes  the  air  below  it,  is  equal  to 
the  weight  of  its  body,  then  the  re- 
a6tion  of  the  air  upwards  is  likewife 
equal  to  it  ; and  the  bird  being 
acted  upon  by  t\vo  equal  forces  in 
contrary  dire6tions,  will  reft  between 
them.  If  the  force  of  the  ftroke  is 
greater  than  its  weight,  the  bird  will 
rife  with  the  difference  of  thefe  two 
forces:  and  if  the  ftroke  be  lefs  than 
its  weight,  then  it  will  fink  with  the 
difference. 
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CONVERSATION  XII. 


On  the  Laws  of  Motion. 

1 % 

Charles.  Are  thofe  laws  of  mo- 
tion which  you  explained  yefterday, 
of  great  importance  in  natural  phi* 
lofophy  ? 

Father.  Yes,  they  are,  and  fhoulcl 
be  carefully  committed  to  memory. 
They  were  afiumed  by  Sir  I.  Newton, 
as  the  fundamental  principles  of  me- 
chanics, and  you  will  find  them  at 
the  head  of  all  books  written  on 
thefe  fubje&s.  From  thefe  alfo,  we 
are  naturally  led  to  fome  other 
branches  of  l'cience,  which,  though 
we  cannot  but  flightly  mention, 
Ihould  not  be  wholly  negk&ed. 
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They  are,  in  fact,  but  corollaries  to 
the  laws  of  motion. 

Emma:  What  is  a corollary, 

papa  ? 

Father.  It  is  nothing  more  than 
fame  truth  clearly  deducible  from 
fome  other  truth  before  demonftrated 
or  admitted.  Thus  by  th & jh'Jl  law 
of  motion,  every  body  mujl  endea- 
vour to  continue  in  the  Jiate,  into 
which  it  is  put;  whether  it  be  of  reft, 
or  unijorm  motion  in  a ft  might  line : 
from  "which  it'follows  as  a corollary, 
that  when  we  fee  a body  move  in  a 
curve  line,  it  mult  be  acted  upon  by 
at  leaft  two  forces.  ■ • 

Charles.  When  I whirl  a Hone 
round  in  a fling,  what  are  the  two 
forces  which  aft  upon  the  ftone  ? 

Father.  There  is  the  force,  by 
which,  if  you  let  go  the  firing,  the 
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(tone  will  fly  off  in  a right  line ; and 
there  is  the  force  of  the  hand,  which 
keeps  it  in  a circular  motion. 

Emma.  Are  there  any  of  thefe 
circular  motions  in  nature  ? 

Father.  The  moon,  and  all  the 
planets  move  by  this  law  : — to  take 
the  moon  as  an  inftance.  It  has  a 
conftant  tendency  to  the  earth,  by 
the  attraction  of  gravitation,  and  it 
has  alfo  a tendency  to  proceed  in  a 
right  line,  by  that  projeCtile  force 
impreffed  upon  it  by  the  Creator, 
in  the  fame  manner  as  the  ftone  flies 
from  your  hand ; now,  by  the  joint 
aCtion  of  thefe  two  forces  it  de- 
fcribes  a circular  motion. 

Emma.  And  what  would  be  the 
confcqucnce,  fuppofmg  the  projec- 
tile force  to  ceafe  ? 

Father.  The  moon  muff  fall  to 
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the  earth  ; and  jf  the  force  of  "ra- 
rity were  to  ceafe  adling  upon  the 
moon,  it  would  fly  off  into  infinite 
i'pace.  Now  the  projcdlile  force, 
when  applied  to  the  planets,  is 
called  the  centrifugal  force,  as  hav- 
ing a. tendency  to  recede  or  fly  from 
the.  center  and  the  other  force  is 
termed-  th ^centripetal  force,  from  its 
tendency  to  fome  point  as  a center. 
r.  Charles.  And  all  this  is  in  confe- 
quence  of  the  inactivity  of  matter, 
by  which  bodies  have  a tendency  to 
continue  in  the  fame-  ftate  they  are 
in,  whether  of  reft  or  motion  ? • 

Father.  You  are  right,  and  this 
principle  which  Sir  I..  Newton  af- 
firmed to  he  in  all  bodies,  he  called 
their  vis  inert  in’. 

Charles.  A few  mornings  ago, 
you  fhewed  us  that  the.  attraction 
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of  the  earth  upon  the  moon*  is 
3600  times  lefs,  than  it  is  upon, 
heavy  bodies  near  the  earth’s  furface. 
Now  as  this  attraction  is  meafured 
by  the  fpace  fallen  through  in  a 
given  time,  I have  endeavoured  to 


calculate  the  fpace  which  the  moon 
would  fall  through  in  a minute,  were 
the  projectile  force  to  ceafe. 

Father.  Well,  and  how  have  you 
brought  it  out  ? 

Charles.  A body  falls  here  16 
•feet  in  the  firft  fecond,  confequently 
in  a minute,  or  6 0 feconds,  it  would 
fall  60  times  60  feet,  multiplied  by 
16’,  that ds  3600  feet,  ■■which  is  to 
be  multiplied  by  16';  and)  as  the 
moon  would  fall  tlvptfugh  3600  times 
lefs  fpace  in  a given  time  than  a 


’ \ 


■* 


See  Converfation  IV, 
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body  here,  it  would  fall  only  1 6 feet 
in  the  felt  minute. 

Father.  Your  calculation  is  ac- 
curate. I will  recall  to  your  mind 
the  fecond  law,  by  which  it  appears, 
that  every  motion , or  change  of  mo- 
tion produced  in  a body,  mujl  be 
proportional  to,  and  in  the  direction 
of  the  force  imprefed.  Therefore, 
if  a moving  body  receives  an  im- 
pulfe  in  the  direction'  of  its  motion, 
its  velocity  will  be  iucrcafcd; — ifj 
an  the  contrary  direction,  its  velo- 
city will  be  diminifhed; — but  if  the 
force  be  imprelfed  in  a direction  ob- 
lique to  that  in  which  it  inovesj  then 
its.  direction  will  be.  between  that  of 
its  former  motion,  and  that  of  the 
new  force  imprelfed. 

Charles.  This  I know  from  the 
8 
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obfervations  I have  made  with  my 
cricket-ball. 

Father.  By  this  fccond  law  of 
motion,  you  will  eafily  underftand, 
that  if  a body  at  reft,  receives  two 
impulfes,  at  the  fame  time,  from 
forces  whofe  directions  do  not  coin- 
cide, it  will,  by  their  joint  aCtion, 
be  made  to  move  in  a line  that  lies 
between  the  direction  of  the  forces 
impreffed. 

Emma.  Have  you  any  machine 
to  prove  this  fatisfadtorily  to  the 
fenfes? 

Father.  There  are  many  fuch  in- 
vented by  different  perl'ons,  deferip- 
tions  of  which,  you  will  hereafter  find 
in  various  books  on  thefe  fabjedts. 
But  it  is  eafily  underltood  by  a figure. 
If  on  the  ball  a,  (Plate  ir.  Fig. 
14.)  aforcebe.iipprefled,  fufticient  ta 
vo I.  i.  i 
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make  it  move  with  an  uniform  ve- 
locity to  the  point  b,  in  a feconol 
of  time;  aiul  if  another  force  be 
alfo  impreffed  on  the  ball,  which 
alone  would  make  it  move  to  the 
point  c,  in  the  fame  time ; the 
ball,  by  means  of  the  two  forces, 
will  'deferibe  the  line  ad,  which  is 
a diagonal  of  the  figure,  whole  fides 
are  ac  and  ab. 

Charles.  But  how  then  is  mo- 
tion produced  in  the  direction  of  the 
force  l according  to  the  fecond  law, 
it  orm-ht  to  be  in  one  cafe,  in  the 
direction  ac,  and  in  the  other,  in 
that  of  ab,  whereas,  it  is  in  that 
of  ad  ? 

Father. ' Examine  the  figure  a lit- 
tle attentively,  carrying  this  in  your 
mind,  * tliat  for  a body  to  move  in 
-the  fame  direction^  it  is  not  nccclTary 


LAWS  or  MOTION’. 


1 11 

that  it  thould  move  in  the  fame 
J't might  line  ; but  that  it  is  fuffieient 
to  move  either  in  that  line,  or  in 
any  one  parallel  to  it. 

Charles.  I perceive  then  that  the 
ball  when  arrived  at  u,  lias  moved  in 
the  direction  ac,  bccalife  bd  is  pa- 
rallel to  ac;  and  alfo  in  the  direc- 
tion ab,  becapfe  cr>  is  parallel  to  it. 

Father.  And  in  no  other  poflibJe 
fituation  but  at  the  point  d,  could 
this  experiment  be  conf’ormible  to 
thefccoud  law  of  motion. 
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CONVERSATION'  XIII. 


Of  the  Laws  of  Motion. 

FATHER.  If  vou  refle<5t  a little 
*/ 

up  An  what  we  faid  yefterday  on  the 
fecond  law  of  motion,  you  will  rea- 
dily deduce  the  following  corollaries. 
Plate  ii.’  Fig.  14. 

1.  That  if  the  forces  be  equal, 
and  a6t  at  right  angles  to  one  ano- 
ther, the  line  defcribed  by'  the  ball 
will  be  the  diagonal  of  a fquare. 
But  in  all  other  cafes,  it  will  be  the 
diagonal  of  a parallelogram  of  fome 
kind. 

2.  By  varying  the  angle,  and  the 
forces,  you  vary  the  form  of  your 
parallelogram. 
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Charles.  Yes,  papa,  and  I fee 
another  confequence,  viz.  that  the 
motions  of  two  forces  acting  con- 
jointly in  tli is  way,  are  not  fo  great 
as  when  they  act  leparately. 
i Father,  That  is  true,  and  you 
are  led  to  the  conclufion,  I fuppofe, 
from  the  recollection  that  in  every 
triangle  any  two  fid es  taken  together 
are  greater  than  the  remaining  fide; 
and  therefore  3'ou  infer,  and  juftly 
too,  that  the  motions  which  the  ball 
a muft  have  .received,  had  the  forces 
been  applied  leparately,  would  have 
been  equal  to  ac  and  ab,  or,  which 
is  the  faftle  thing,  to  ac,  and  cd, 
the  two  tides  of  the  triangle  adc, 
but  by  their  joint  action,  the  motion 
;s  only  equal  to  ad,  the  remaining 
tide  of  the  triangle. 
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Hence  then  you  will  remember, 
that  in  t lie  compofition,  or  adding  to- 
gether of  forces  (as  this  is  called) 
motion  is  always  loft : and  in  the 
refolution  of  any  one  force  as  ad, 
into  two  others  ac  and  ab,  motion 
is  gained. 

Charles.  Well,  papa,  but  how  is 
it  that  the  heavenly  bodies,  the 
moon  for  inftance,  which  is  impelled 
by  two  forces,  performs  her  motion 
in  a circular  curve  round  the  earth, 
and  not  in  a diagonal  between  the 
direction  of  the  projectile  force,  and 
that  of  the  attraction  of  gravity  to 
the  earth  ? 

Father.  Becaufe  in  the  cafe  juft 
mentioned,  there  was  but  the  action 
of  a fingle  impulfe  in  each  direction, 
whereas  the  adtion  of  gravity  on  the 
moon,  is  continual,  and  caufes  an 
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accelerated  motion,  and  hence  the 
line  is  a curv*e. 

Charles.  Supposing  then,  that  a 
reprefent  the  moon,  and  a c the  fix  teen 
feet  through  which  it  would  fall  in  a v I 
minute  by  the  attraction  of  gravity 
towards  the  earth,  and  ab  reprefent 
the  projectile  force  acting  upon  it  for 
the  fame  time.  If  ab  and  ac  a died 
as  fingle  impulfcs,  the  moon  would 
in  that  cafe  defcribe  the  diagonal 
ad  : but  fince  thefe  forces  are  con- 
ftantly  acting,  and  that  of  gravity  is 
an  accelerating  force  all'o,  therefore 
inftead  of  the  ftraight  line  ad,  the 
moon  will  be  drawn  into  the  curve 
line  AflD.  Do  I underftand  the 
matter  right? 

Father.  You  do ; and  hence  you 
eafily  comprehend  how  by  good  in- 
ftruments,  and  calculation,  the  at- 
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traction  of  the  earth  upon  the  moon 

was  dilcovered. 

/ 

The  third  law  of  motion,  viz.  that 
action  and  rc  action  are  equal  and  in 
contrary  directions , may  be  ill uft rated 
by  the  motion  communicated  by  the 
percufiion  of  elajtic  and  non-elaftic 
bodies. 

Emma.  What  are  thcfe,  papa? 

Eather.  Elajtic  bodies,  are  thofe 
which  have  a certain  fpring,  by 
which  their  parts,  upon  being  preifcd 
inwards,  by  perculfion,  return  to 
their  former  ft  ate,  this  property  is 
evident  in  a ball  of  wool  or  cotton; 
or  in  fpunge  compreifed.  Eon- 
daftk  bodies  arc  thole  which,  when 
one  ftrikes  another,  do  not  rebound, 
but  move  together  after  the  broke. 

Let  two  equal  ivory  balls  a and  h 
be  fiifpcndcd  by  threads ; it  a (Plate 
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II.  Fig  15.)  be  drawn  a little  out  of 
• ° . 

the  perpendicular,  and  let  fall  upon 
b,  it  vvl  lofe  its  motion  bv  conmiu- 
■ideating  it  to  b,  which  will  be  driven 
to  a diftance  c,  equal  to  that  through 
which  a fell ; and  hence  it  appears 
that  the  re-a&ion  of  b , was  equal  to 
the  action  of  a upon  it. 

Emma.  But  do  the  parts  of  the 
ivory  balls  yield  by  the  ftroke,  or, 
as  you  call  it,  by  the  percuffion? 

Father.  They  do ; for  if  I lay  a 
little  paint  on  a,  and  let  it  touch  b, 
it  will  make  but  a very  final  1 fpeek 
upon  it:  but  if  it  jail  upon  b,  the 
fpeek  will  be  much  larger  ; which 
proves  that  the  balls  are  elallic,  and 

that  a little  hollow,  or  dint,  was 

% Li 

made  in  each  by  coliilion.  If  now 
two  equal  (oft  balls  of  clay,  or  gla- 
zier’s putty,  which  are  non-elaftic. 
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meet  each  other  with  equal  veloci- 
ties, they  would  ftop  and  {tick  toge- 
ther at  the  place  of  their  meeting,  as 
their  mutual  adtions  deftrov  each 
other. 

i 

Charles.  I have  fometimes  fliot 
my  white  alley  againft  another  ipar- 
ble  fo  plumply,  that  the  marble  has 
gone  off  as  lwiftly  as  the  alley  ap- 
proached it,  and  that  remained  in 
the  place  of  the  marble.  Are  mar- 
bles therefore,  as  well  as  ivory, 
elaftic  ? 

Father.  They  are. — If  three  elaf- 
tic balls  a , b , c (Plate  in.  Fig.  16.)  be 
hung  from  adjoining  centers,  and  c 
be  drawn  a little  out  of  the  perpendi- 
cular, and  let  fall  upon  b,  then  will 
c and  b become  ftationary,  and  a 
will  be  driven  to  o,  the  diftance 
through  jvhich  c fell  upou  b. 
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If  you  hang  any  number  of  balls, 
as  fix,  eight,  See.  lb  as  to  touch  each 
other,  and  if  vou  draw  the  outfide 
one  away  to  a little  distance,  and 
then  let  it  fall  upon  the  others,  the 
ball  on  the  oppofite  fide  will  be  driven, 
oft’,  while  the  reft  remain  ftationary, 
fo  equally  is  the  action  and  re-action 
of  the  ftationary  balls  divided  among' 
them.  In  the  lanle  manner,  if  two 
are  drawn  alide  and  fuffered  to  fall 
on  the  reft,  the  oppofite  two  will  fly 
off,  and  the  others  remain  ftationary. 

1 here  is  one  other  circumftance 
•depending  upon  the  action,  and  re- 
action of  bodies,  and  alfo  upon  the 
vis  inertia  of  matter,  worth  no- 
ticing: by  fome  authors  you  will 
find  it  largely  treated  upon. 

It  I ftrike  a blackfmiths  anvil 
with  a hammer,  action  and  rc-aetion 
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being  equal,  the  anvil  ftrikes  the 
hammer  as  forcibly  as  the  hammer 
ftrikes  the  anvil. 

If  that  anvil  be  large  enough,  I 
might  lay  it  on  my  breaft,  and  fuf- 
fer  you  to  flrike  it  with  a fledge 
hammer  with  all  your  ftrength,  with- 
out pain  or  rifque,  for  the  vis  inertia 
of  the  anvil  relifts  the  force  of  the 
blow.  But  if  the  anvil  were  but  a 
pound  or  two  in  weight,  your  blow 
would  probably  kill  me. 
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On  the  Mechanical  Powers. 

CHARLES.  Will  you  now,  papa, 
explain  the  mechanical  powers  ? 

Father.  I will,  and  I hope  you 
have  not  forgotten  what  the  mo- 
mentum of  a body  is. 

Charles.  No,  it  is  the  force  of  a 
moving  body,  which  force  is  to  be 
eftimated  by  the  weight,  multiplied 
into  its  velocity. 

Father.  Then  a fmall  body  may 
have  an  equal  momentum  with  one 
much  larger? 

Charles.  Yes,  provided  the  {“mailer 
body  moves  as  much  fwifter  than 

TOL.  I.  M 
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the  larger  one,  as  the  weight  of 
the  latter  is  greater  than  that  of 
the  former. 

Father.  What  do  yon  mean 
when  you  fay  that  one  body  moves 
fwifter,  or  has  a greater  velocity 
than  another? 

Charles.  ■ That  it  pafies  over-  a 
greater  fpace  in  the  fame  time. 
Your  watch  will  explain  my  mean- 
ing: the  minute-hand  travels  round 
the  dial-plate  in  an  hour,  but  the 
hour-hand  takes  twelve  hours  to 
perform  its  conrfe  in,  confeqnently; 
the  velocity  of  the  minute-hand  is 
twelve  times  greater  than  that  of 
the  hour-hand ; becaufc,  in  the 
fame  time,  viz.  twelve  hours;  it  tra- 
vels twelve  times  the  fpace  that  is 
gone  through  bv  the  hour-hand.  - 
' Father.  But  this  can  be  'only 
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true  on  the  fuppofition,  that  the 
two  circles  are  equal.  In  ray  watch, 
the  minute-hand  is  longer  than  th-e 
other,  and  confequently,  the  circle 
defcribed  by  it,  is  larger  than  that 
defcribed  bv  the  hour-hand. 

Charles . I lee  at  once,  that  my 
reafoning  holds  good  only  in  the 
cafe  where  the  hands  are  equal. 

Father.  There  is,  however,  a 
particular  point  of  the  longer  hand, 
of  which  it  may  be  faid,  with  the 
ftrieteft  truth,  that  it  has  exactly 
twelve  times  the  velocity  of  the  ex- 
tremity of  the  Ihorter. 

Charles.  That  is  the  point,  at 
which,  if  the  remainder  were  cut 
off,  the  two  hands  would  be  equal. 
And  in  fact,  every  different  point  of 
the  hand,  deferibes  different  lpaces 
in  the  fame  time. 

m 2 
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Father.  The  little  pivot  on  which 
the  two  hands  feera  to  move,  (for 
they  are  really  moved  by  different 
pivots,  one  within  another,)  may  be 
called  the  carter  of  motion , which 
is  a fixed  point ; and  the  longer 
the  hand  is,  the  greater  is  the  fpace 
described. 

Charles.  The  extremities  of  the 
vanes  of  a wind-mill,  when  they  are 
going  very  fait,  are  fcarcely  diftin- 
guifliable,  though  the  feparate  parts, 
nearer  the  mill,  are  eafily  difcerned  ; 
this  is  owing  to  the  velocity  of  the 
extremities,  being  fo  much  greater 
than  that  of  the  other  parts. 

Emma.  Did  not  the  fwiftnefs  of 
the  round-abouts,  which  we  faw  at 
the  fair,  depend  on  the  fame  prin- 
ciple, viz.  the  length  of  the  poles 
upon  which  the  feats  were  fixed.' 
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Father.  Yes,  the  greater  the  dis- 
tance, at  which  theie  feats  were 
placed,  from  the  center  of  motion, 
the  greater  the  fpace  which  the  little 
boys  and  girls  travelled  for  their 
halfpenny. 

Emma.  Then  thole  in  the  fe- 
cond  row,  had  a fhorter  ride  for  their 
money,  than  thofe  at  the  end  of  the 
poles. 

Father.  Yes,  fhorter  as  to  fpace, 
but  the  fame  as  to  time.  In  the 
fame  way,  when  you  and  Charles  go 
round  the  gravel-walk  for  half  an 
hour’s  exercife,  if  he . run,  while 
you  walk,  lie  will,  perhaps,  have 
gone  fix  or  eight  times  round, 
in  the  fame  time  that  you  have  been 
but  thrice  or  four  times  ; now,  as  to 
time,  your  exercife  has  been  equal, 
m J 
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but  lie  may  have  palled  over  dou- 
ble the  fpace  in  the  fame  time. 

Charles.  How  does  this  apply 
to  the  explanation  of  the  mecha- 
nical powers? 

Father.  You  will  find  the  appli- 
cation very  eafy: — without  clear 
ideas  of  what  is  meant  by  time  and 
fpace , it  were  in  vain  to  expect  you 
to  comprehend  the  principles  of 
mechanics. 

There  are  fix  mechanical  powers. 
The  lever  ; the  wheel  and  axle  t the 
pulley;  the  inclined  plane;  the 
wedge;  and  the  ferew. 

Emma.  Why  are  they  called  me- 
chanical powers? 

Father.  Becaufe,  by  their  means, 
we  arc  enabled  mechanically  to  raile 
weights,  move  heavy  bodies,  and 
overcome  rdiltanccs,  which,  with- 
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out  their  afiiftance,  could  not  be 
done. 

Charles.  But  is  there  no  limit  to 
the  afiiftance  gained  by  thefe  powers  ? 
for  I remember  reading  of  Archi- 
medes,  who  laid,  that  with  a place 
for  his  fulcrum  he  would  move  the 
earth  itfelf. 

Father.  Human  power,  with  all 
the  afiiftance  which  art  can  give,  is 
very  foon  limited,  and  upon  this 
principle,  that  what  we  gain  in 
power,  we  lofe  in  time.  That  is,  if 
by  your  own  unafiifted  ftrengtb,  you 
are  able  to  raife  fifty  pounds  to  a 
certain  diftance  in  one  minute,  and 
if  by  the  help  of  machinery,  you 
with  to  raife  bOO  pounds  to  the 
fame  height,  you  will  require  ten 
minutes  to  perform  it  in  ; thus  you 
increale  your  power  ten-fold,  but  it 
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it  is  at  the  expence  of  time.  Or  in 
other  words,  you  are  enabled  to  do 
that  with  one  effort  in  ten  minutes, 
which  vou  could  have  done  in  ten 
leparate  efforts  in  the  fame  time. 

Emma.  The  importance  of  me- 
chanics, then,  is  not  lb  very  con- 
fiderable  as  one,  at  hilt  light,  would 
imagine;  fince  there  is  no  real  gain 
of  force  acquired  by  the  mechanical 
powers. 

Father.  Though  there  be  not 
any  actual  increafe  of  force  gained 
by  tilde  powers;  yet,  the  advantages 
which  men  derive  from  them  are 
ineftimable.  If  there  are  feveral 
fmall  weights,  manageable  by  human 
Itrength,  to  be  railed  to  a certain 
height,  it  may  be  full  as  convenient 
to  elevate  them  one  by  one,  as  to  take 
the  advantage  of  the  mechanical 
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powers,  in  railing  them  all  at  once. 
Becaufe,  as  we  have  fliewn,  the  lame 
time  will  be  neceflary  in  both  cafes. 
But  fuppofe  you  have  a large  block 
of  ftone  of  a ton  weight  to  carry 
away,  or  a weight  Hill  greater,  what 
is  to  be  clone  ? 

Emma.  I did  not  think  of  that. 

Father.  Bodies  of  this  kind  can- 
not be  feparated  into  parts  propor- 
tionable to  the  human  ftrength  with- 
out immenfe  labour,  nor,  perhaps, 
without  rendering  them  unfit  for 
thofe  purpofes  for  which  they  are  to 
be  applied.  Hence  then  you  perceive 
the  great  importance  of  the  mechani- 
cal powers,  by  the  ufe  of  which,  a 
man  is  able  with  eafe  to  manage 
a weight  many  times  greater  .than 
himfelf. 
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Charles.  I have,  indeed,  feen  a 
few  men,  by  means  of  pulleys,  and 
feemingly  with  no  very  great  exer- 
tion, raife  an  enormous  oak  into  a 
timber-carriage,  in  order  to  convey 
it  to  the  dock-yard. 

sJ 

Father.  A very  excellent  inflance  ; 
for  if  the  tree  had  been  cut  into  fuck 
pieces,  as  could  have  been  managed 
by  the  natural  itrength  ofthefemen, 
it  would  not  have  been  worth  carry- 
ing to  Deptford  or  Chatham  for  the 
purpofe  of  fhip-building. 

Fauna.  I acknowledge  my  error ; 
— what. is  a fulcrum,  papa? 

Father.  It  is  a fared  point , or  prop, 
round  which  the  other  parts  of  a ma- 
chine move. 

Charles.  The  pivot,  upon  which 
the  hands  of  your  watch  move,  is  a 
fulcrum  then  ? 
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Father.  It  is,  and  you  remember 
we  called  italic  the  center  of  mo-' 
tion  ; — the  rivet  of  thefe  feiffars  is 
alfo  a fulcrum. 

Emma.  1$  that  a fixed  point,  or 
prop  ? / 

Father.  Certainly  it  is  a fixed 
point,  as  it  regards  the  two  parts  of 
the  feiffars ; for  that  always  remains 
in  the  fame  potition,  while  the  other 
parts  move  about  it:  Take  the  pokef 
and  ftir  the  fire,  now  that  part  of  the 
bar  on  which  the  poker  refrs  is  a fuK 
Crum,  for  the  poker  moves  upon  itas 
a center.* 
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CONVERSATION  XV. 


Of  the  Lever. 

FATHER.  We  will  now  consider 
the  Lever,  which  is  generally  called 
the  first  mechanical  power.  . 

The  lever  is  any  inflexible  bar  of 
wood,  iron,  & c.  which  ferves  to  raife 
weights,  while  it  is  fupported  at  a 
point  by  a prop  or  fulcrum,  on 
which,  as  the  center  of  motion,  all 
the  other  parts  turn.  AB  (Plate  111. 
Fig.  1?.)  will  reprelen t a lever,  and 
the  point  c the  fulcrum  or  center 
of  motion.  Now,  it  is  evident,  if 
the  lever  turn  on  its  center  of  mo- 
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tion  c,  fo  that  a comes  into  the  po- 
rtion a;  b at  the  fame  time  mult 
come  into  the  pofition  b.  If  both 
the  arms  of  the  lever  be  equal,  that 
is,  if  ac  is  equal  to  bc,  there  is  no 
advantage  gained  by  it,  for  they 
pafs  over  equal  Ipaces  in  the  fame 
time ; and  according  to  the-  funda- 
mental principle  already  laid  down 
(p.  127)  “ as  advantage  or  power  is 
gained,  time  muftbe  loft:”  therefore 
no  time  being;  loft  bv  a lever  of  this 
kind,  there  can  be  no  power  gained. 

Charles.  Why  then  is  it  called  a 
mechanical  power  ? 

Father.  Stridtly  fpeaking  perhaps 
it  ought  not  be  numbered  as  one. 
Cut  it  is  ulually  reckoned  among 
them,  having  the  fulcrum  between 
the  weight  and  the  power,  which  is 
the  diftinguilhing  property  of  levers 
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of  the  firft  kind.  And  when  the 
fulcrum  is  exactly  the  middle  point 
between  the  weight  and  power  it  is 
the  common  balance:  to  which,  if 
feales  be  fufpended  at  a and  b,  it  is 
fitted  for  weighing  all  forts  of  com- 
modities. 

Emma . You  fay  it  is  a lever  of 
the  jirji  kind,  arc  there  feveral  forts 
of  levers  ? 

Father.  There  are  three  forts  ; 
fome  perfons  reckon  four,  the  fourth 
however,  is  but  a bended  one  of  the 

r • - 

firft  kind.'  A lever  of  th cjirji  kind 
(Plate  111.  Fig.  17,  18.)  has  the 
fulcrum  between  the  weight  and 
power. 

The/ccowt/kind  of  lever  (Plate  111. 
Fig.  20.)  has  the  fulcrum  at  one 
end,  the  power  at  the  other,  and  the 
weight  between  them. 
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In  the  third  kind  (Plate  111. 
Fig.  21.)  the  power  is  between  the 
fulcrum  and  the  weight. 

Of  Lever’s  powers  the  different  forts  are  three, 
The  Jh-Jl  in  fteel-yards  and  in  feales  you  fee  ; 
The  bed  a fecond  is  the  miller’s  lift 
Where  power  and  fulcrum  to  each  end  you 
drift ; 

And  in  the  third,  the  word  of  all  my  friends, 

Y ou  find  the  weight  and  fulcrum  at  each  end. 

Let  us  take  the  lever  of  the  firft 
kind,  (Fig.  18.)  which  if  it  be 
moved  into  the  polition  a h,  by  turn- 
ing on  its  fulcrum  c,  it  is  evident, 
that  while  a has  travelled  over  the 
fliort  fpace  a a,  b has  travelled  over 
the  greater  fpace  b b , which  fpaces 
are  to  one  another,  exactly,  in  pro- 
portion to  the  length  of  the  arms  ac 
and  bc.  If  now  you  apply  your 
n 2 
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hand  firft  to  the  point  a,  and  after- 
wards to  b,  in  order  to  move  the 
lever  into  the  pofition  ab,  ufmg  the 
fame  velocity  in  both  cafes,  you  will 
find  that  the  time  fpent  in  moving 
the  lever  when  the  hand  is  at  b, 
will  be  as  much  greater,  as  that 
fpent  when  the  hand  is  at  a,  as  the 
arm  bc  is  longer  than  the  arm  ac, 
but  then  the  exertion  required  will, 
in  the  fame  proportion,  be  lels  at  b 
than  at  a. 

Charles.  The  arm  bc  appears  to 
be  four  times  the  length  of  ac. 

Father.  Then  it  is  a lever  which 
gains  power  in  the  proportion  of  four 
to  one.  That  is,  a tingle  pound 
weight  applied  to  the  end  of  the 
arm  bc,  as  at  p,  will  balance  four 
pounds  fulpendcd  at  a,  as  w. 
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Charles.  I have  feen  workmen 
move  large  pieces  of  timber  to  very 
fmall  diftances,  by  means  of  a long- 
bar  of  wood  or  iron ; is  that  a lever  ? 

Father.  It  is ; they  force  one 
end  of  the  bar  under  the  timber, 
and  then  place  a block  of  wood, 
ftone,  &c.  beneath,  and  as  near  the 
fame  end  of  the  lever  as  poffible,  for 
a fulcrum,  applying-  their  own 
ftrength  to  the  other  : and  power  is 
gained  in  proportion  as  the  diftance 
from  the  fulcrum  to  the  part  where 
the  men  apply  their  ftrength,  is 
greater  than  the  diftance  from  the 
fulcrum  to  that  end  under  the 
timber. 

Charles.  It  mu  ft  be  very  confi- 
derable,  for  I have  feen  two  or  three 
men,  move  a tree,  in  this  wav,  of 
feveral  tons  weight  I lhould  think. 
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Father.  That  is  not  difficult ; for 
fuppofing  a lever  to  gain  the  advan- 
tage of  twenty  to  one,  and  a man  by 
his  natural  ftrength  is  able  to  move 
but  a hundred  weight,  he  will  find 
that  by  a lever  of  this  fort,  he  can 
move  twenty  hundred  weight  or  a 
ton  ; but  for  tingle  exertions,  a 
ftrong  man  can  put  forth  a much 
greater  power,  than  that  which  isfuf- 
ficient  to  remove  a hundred  weight; 
and  levers  are  alio  frequently  uled, 
the  advantage  gained  hy  which  is 
frill  more  conliderable  than  twenty 
to  one. 

Charles.  I think,  you  faid  the 
other  day,  that  the  common  ftcel- 
yard  made  ufe  of  by  the  butcher,  is 
a lever. 

Father.  I did  ; the  fliort  arm  ac 
(Plate  in.  I'ig.  ](J.)  is,  by  an  in- 
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creafe  in  fize,  made  to  balance  th* 
longer  one  bc,  and  ftom  c the  cen- 
ter of  motion,  the  divifions  mult 
commence.  Now  if  bc  be  divided 
into  as  many  parts  as  it  will  contain, 
each  equal  to  ac  ; a Angle  weight 
as  a pound  p,  will  ferve  for  weighing 
any  thing  as  heavy  as  itfelf,  or  as 
many  times  heavier  as  there  are  di- 
vifions in  the  arm  c.  If  the  weight 
v be  placed  at  thedivifion  one  in  the 
arm  bc,  it  will  balance  one  pound  in 
the  fcale  at  a ; if  it  be  removed  to 
3,  5,  or  7,  it  will  balance  3,  5,  or 
7 pounds  in  the  fcale,  for  thefe  divi- 
fions being  refpectively  3,  5 , or  7 
times  the  diftance  from  the  center 
ot  motion  c,  that  a is,  it  becomes  a 
lever,  which  gains  advantage,  at 
thofe  points,  in  the  proportion  of 
3,  5,  and  7.  If  now  the  intervals 
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between  the  divifions  on  the  longer 
•arm  be  fab-dividecl  into  halves,  quar- 
ters, &c.  any  weight  may  be  accu- 
rately afeertained  to  halves,  quarters 
of  pounds,  &c. 
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of  T&fe  t-ittsa.  24'i 


CONVERSATION  XVI. 


Of  the  Lever. 

EMMA.  What  advantage  lias 
the  ft  eel-yard,  which  you  defer  ifeed 
in  our  laft  CGRVfcrfatio'n*  over  z pair 
of  (bales? 

Father.  It  may  "he  much  morfe 
readily  removed  from  place  to  place  ; 
k requires  no  apparatus,  and  only 
a (ingle  weight  for  all  the  pnrpofes 
to  Which  it  can  he  applied, — Some- 
times the  arms  are  not  of  equal 
weight.  In  that  cafe  the  weight  r 
fluid  be  moved  along  the  arm  &c, 
till  it  cxa&ly  balance  the  other  ami 
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without  a weight,  and  in  that  point 
a notch  muft  be  made,  marking  over 
it  a cypher  0,  from  whence  the  divi- 
fions  muft  commence. 

Charles.  Does  there  require  great 
accuracy  in  the  manufacture  of  in- 
ftruments  of  this  kind  ? 

Father.  Yes,  of  fuch  importance 
is  it  to  the  public,  that  there  ftiould 
be  no  error  or  fraud  by  means  of 
falfe  weights,  or  falfe  balances,  that 
it  is  the  bufinefs  of  certain  public 
officers  to  examine  at  ftated  feafons 
the  weights,  meafures,  &c.  of  every 
ftiop-keeper  in  the  land.  Yet  it  is 
to  be  feared  that  after  all  precautions 
much  fraud  is  praClifed  uponjffie  un- 
liifpeCting. 

Emma.  I one  day  laft  fummcr 
bought,  as  I fuppofed,  a pound  of 
cherries  at  the  door,  but  Charles 
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thinking  there  were  not  a pound,-  we 
tried  them  in  your  feales  and  found 
but  twelve  ounces,  or  three  quarters, 
indead  of  a pound,  and  yet  the  fcale 
went  down  as  if  the  man  had  given 
me  full  weight.  How  was  that  ma- 
naged ? 

Father.  It  might  be  done  many 
ways  : by  fhort  weights  ; — or  by  the 
fcale  in  which  the  fruit  was  put, 
being  heavier  than  the  other  ; — but 
fraud  may  be  pra&ifed  with  good 
weights  and  even  feales,  by  making 
the  arm  of  the  balance,  on  which  the 
weights  hang,  fhorter  than  the  other, 
for  then  a pound  weight  will  be  ba- 
lanced by  as  much  lefs  fruit  than  a 
pound,  as  that  arm  is  fhorter  than 
the  other ; this  was  probably  the 
method  by  which  you  were  cheated. 
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Emma*  By  what  method  could  I 
have  difcovered  this  cheat? 

Father.  The  fcales  when  empty 
are  exactly  balanced,  but  when 
k>aded,  though  ftill  in  equilibria,  the 
weights,  are  unequal,  and  the  deceit 
is  mfiantly  dfcovered  by  changing 
the  weights  to  the  contrary  fcales.  I 
will  give,  you  a rule  to  find  the  true 
weight  of  any  body  by  lucli  a falfe 
baianee,  the  reafon  of  the  rule  you 
wslf  underhand  hereafter,  “find  the 
weights  of  the  body  by  both  fcales , 
multiply  them  together , and  then  find 
the  fquare  root  of  the  product , which 
is  the  true  weight.” 

Charles.  Let  me  fee  if  I under- 
hand the  rule:  fuppofe  a body  weigh 
]6  ounces  in  one  feale,  and  in  the 
other  12  ounces  and  a quarter,  I 
multiply  Id  by  12  and  a quarter,  and 
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I get  the  product  196,  the  iquare  root 
of  which  is  14:  for  14  multiplied  into 
itfelf  gives  19(7  ; therefore  the  true 
weight  of  the  body  is  14  ounces. 

Father.  That  is  juft  what  I meant. 

• — To  the  lever  of  the  firft  kind  may 
be  referred  many  common  inftru- 
ments,  fuch  as  foHTars,  pincers,  fn uft 
fers,  Sec.  which  are  made  of  two  le- 
vers, acting  contrary  to  one  another. 

Emma.  The  rivet  is  the  fulcrum, 
or  center  of  motion,  the  hand  the 
power  ufed,  and  whatever  is  to  be  cut, 
is  the  refiftance  to  be  overcome. 

Charles.  A poker  furring  the  fire 
is  alfo  a lever,  for  the  bar  is  the  ful- 
crum, the  hand  the  power,  and  the 
coals  the  refiftance  to  be  overcome. 

Father.  We  now  proceed  to  levers 
of  the  fccond  kind,  in  which  the  ful- 
crum c (Fig.  £0.)  is  at  one  end,  the 
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power  p applied  at  the  other  b,  and 
the  weight  to  be  railed  w,  fomewhere 
between  the  fulcrum  and  the  power. 

Charles.  And  how  is  the  advan- 
tage gained  to  be  eftimated  in  this 
lever ? 

Father.  By  looking  at  the  figure 
you.will  find  that  power  or  advantage 
is  gained  in  proportion  as  the  diftance 
of  the  power  r is  greater  than  the 
diftance  of  the  weight  w from  the 
fulcrum. 

Charles.  Then  if  the  weight  hang 
at  one  inch  from  the  fulcrum,  and 
the  power  acts  at  five  inches  from  it, 
the  power  gained  is  five  to  one,  01 
one  pound  at  p will  balance  five 
at  w? 

Father.  It  will ; for  you  perceive 
that  the  power  pafies  over  five  times 
as  great  a fpace  as  the  weight,  or 
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while  the  point  a in  the  lever  moves 
over  one  inch,  the  point  b will' move 
over  five  inches. 

Emma.  What  things  in  common 
ufe  are  to  be  referred  to  the  lever  ol 
the  leeond  kind  ? 

Father.  The  mod  common  and 
ufefnl  of  all  things  ; every  door  for 
inftance  which  turns  on  hinges  is  a 
lever  of  this  fort.  The  hinges  may 
be  confidered  as  the  fulcrum  or  cen- 
ter of  motion,  the  whole  door  is  the 
weight  to  be  moved,  and  the  power  is 
applied  to  that  tide  on  which  the  lock 
is  ufually  fixed.  » 

Emma.  Now  I fee  the  reafon  why 
there  is  confiderable  difficulty  in 
puffiing  open  a heavy  door,  if  the 
hand  is  applied  to  the  part  next  the 
hinges,  although  it  may  be  opened 
o 2 
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with  the  greateft  eafe  in  the  ufual 
method , 

Charles.  This  fofa,  with  lifter 
Upon  it,  reprefents  a lever  of  the  fe- 
cond  kind. 

Father.  Certainly,  if  while  die  is 
fitting  upon  it,  in  the  middle,  you 
raife  one  end,  while  the  other  re- 
mains fixed  as  a prop  or  fulcrum.  To 
this  kind  of  lever  may  be  alfo  reduced 
nut-crackers;  oars;  rudders  of  fhips : 
thofe  cutting  knives  which  have  one 
end  fixed  in  a block,  fuch  as  are  ufed 
for  cutting  chaff,  drugs,  wood  for 
pattens,  &c. 

Emma.  I do  not  fee  how  oars  and 
rudders  are  levers  of  this  fort. 

Father.  The  boat  is  the  weight 
to  be  moved,  the  water  is  the  fulcrum, 
and  the  waterman  at  the  handle  the 
power.  The  malts  of  fhips  are  alfo 
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'levers  of  the  fecond  kind,'  for  the 
bottom  of  the  veflel  is  the  fulcrum, 
the  ihip  the  weight,  and  the  wind 
acting  againft  the  fail  is  the  moving 
power. 

The.  knowledge  of  this  principle 
may  be  uteful  in  many  fituations  and 
circumftances  of  life  : — if  two  men 
unequal  in  ltrcngth  have  a heavy 
burden  to  carry  on  a pole  between 
them,  the  ability  of  each  may  be  eon- 
fulted,  by  placing  the  burden  as  much 
nearer  to  the  llronger  man,  as  his 
ftrength  is  greater  than  that  of  his 
partner. 

Emma.  Which  would  you  call  the 
prop  in  this  cafe  ? 

Father.  The  ftronger  man,  for  the 
weight  is  ncareft  to  him,  and  then 
the  weaker  mult  beconfidered  as  tlfe 
power.  Again,  two  horfes  may  be 
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fo  yoked  to  a carriage  that  each  fhall 
draw  a part  proportional  to  his 
ftrength  by  dividing  the  beam  in  fuch 
a manner,  that  the  point  of  traction , 
or  drawing,  may  Ire  as  much  nearer 
to  the  ftronger  horfe  than  to  the 
weaker,  as  the  ftrength  of  the  former 
exceeds  that  of  the  latter. 

We  will  now  deferibe  the  third 
.kind  of  lever.  In  this  the  prep  or 
fulcrum  c (Fig.  21.)  is  at  one  end, 
the  weight  w at  the  other,  and  the 
power  p is  applied  at  b fomewhere 
between  the  prop  and  weight. 

Charles.  In  this  cafe,  the  weight 
being  farther  from  the  center  of  mo- 
tion than  the  power,  mult  pals 
through  more  fpace  than  it. 

Father.  And  what  is  the  confe- 
rence of  that? 
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Charles.  That  the  power  muft  be 
greater  than  the  weight,  and  as  much 
greater  as  the  diftance  of  the  weight 
from  the  prop  exceeds  the  diftance 
of  the  power  from  it,  that  is,  to  ba- 
lance a weight  of  three  pounds  at  a, 
there  will  require  the  exertion  of  a 
power  p,  acting  at  b,  equal  to  five 
.pounds. 

Father.  Since  then  a lever  of  this 
kind  is  a difadvantage  to  the  moving 
power,  it  is  but  feldom  ufed,  and  only 
in  cafes  of  neceffity  j fuch  as  in  that  of 
a ladder,  which  being  fixed  at  one  end 
againft  a wall  or  other  obftacle,  is  by 
the  ftrength  of  a man's  arm  raifed 
into  a perpendicular  fituation.  But 
the  molt  important  application  of  this 
third  kind  of  lever,  is  manifelt  in  the 
ftruciure  of  the  limbs  of  animals,  par^ 
ticularly  in  tliofe  of  man  \ to  take 
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the  arm  as  an  inftance  : when  we  lift 
a weight  by  the  hand,  it  is  effected 
by  means  of  mufcles  coming  from  the 
fhoulder  blade,  and  terminating  about 
one  tenth  as  far  below  the  elbow  as 
the  hand  is  : now  the  elbow  being; 
the  center  of  motion  round  which 
the  lower  part  of  the  arm  turns,  ac- 
cording to  the,  principle  juft  laid 
down,  the  mufcles  mult  exert  a force 
ten  times  as. great  as  the  weight  that 
is  railed.  At  firft  view  this  may  ap- 
pear a difad  vantage,  but  what  is  loll 
In  power  is  gained  in  velocity,  and 
thus  the  human  ligure  is  better 
adapted  to  the  various  functions  it 
has  to  perform. 
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Of  the  Wheel  ami  Axis. 

FATHER.  Well,  Emma,  do  you 
underhand  the  principle  of  the  lever, 
which  we  difcuffed  fo  much  at  large 
vefterday  ? 

%J  J i 

Emma.  The  lever  gains  advan- 
tage, in  proportion  to  the  lpace  paffed 
through  by  the  adting  power;  that 
is,  if  the  weight  to  be  raifed,  be  at 
the  diftance  of  une  inch  from  the  ful- 
crum, and  the  power  is  applied  nine 
inches  difrant  from  it,  then  it  is  a le- 
ver, which  gains  advantage  as  9 to 
1,  becaufe  the  fpace  palled  through 
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by  the  power  is  nine  times  greater 
than  that  palled  through  by  the 
weight  f and,  therefore,  what  is  loft 
in  time,  by  palling  through  a greater 
fpace,  is  gained  in  power. 

Father.  You  recollect  alfo,  what 
the  different  kinds  of  levers  are,  I 
hope. 

Emma.  I lhall  never  fee  the  fire 
ftirred  without  thinking  of  a fimple 
lever  of  the  firlt  kind  ; my  fcilfars 
will  frequently  remind  me  of  a com- 
bination of  two  levers  of  the  fame 
fort.  The  opening  and  ilmtting  of 
the  door,  will  prevent  me  from  for- 
getting the  nature  of  the  lever  of  the 
lecond  kind  ; and,  I am  fine  that  I 

i 

lhall  never  fee  a workman  raife  a lad- 
der amain  ft  a houfe,  without  recoi- 
ledting  the  third  fort  of  lever.  Be- 
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fides,  I believe  a pair  of  tongs  is  a 
lever  of  this  kind. 

Father.  You  are  right,  for  the 
fulcrum  is  at  the  joint,  and  the 
power  is  applied  between  that,  and 
the  parts  ufed  in  taking  up  coals, 
Sec. — Can  you,  Charles,  tell  us  how 
the  principle  of  momentum  applies  to 
the  lever? 

Charles.  The  momentum  of  a 
body  is  eftimated  by  its  weight, 
multiplied  into  its  velocity  ; and  the 
velocity  nmft  be  calculated  by  the 
fpace  paffed  through  in  a given 
time.  Now,  if  I examine  the  lever, 
(Fig.  18.  20.)  and  confider  it  as  an 
inflexible  bar  turning’  on  a center  of 
motion,  it  is  evident,  that  the  fame 
time  is  ufed  for  the  motion  both  of 
the  weight  and  the  power,  but  the 
fpaces  palfed  over  are  very  different ; 
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that  which  the  power  pafles  through, 
being  as  much  greater  than  that 
pafied  by  the  weight,  as  the  length 
of  the  di  (lance  of  the  power  from  die 
prop,  is  greater  than  the  diftance  of 
the  weight  from  the  prop ; and  the 
velocities  being  as  the  fpaccs  pafled 
in  the  fame  time,  muft  be  greater  in 
the  fame  proportion.  Confequently, 
the  velocity  of  p,  the  power,  multi- 
plied into  its  weight,  will  be  equal  to 
the  fm.al.ler  velocity  of  w,  multiplied 
into  its  weight,  and  thus  their  mo* 
Tneuta  being  equal,  they  will  balance 
one  another. 

Father.  This  applies  to  the  firft 
and  fecond  kind  of  lever ; what  do 
you  fay  to  the  third  ? 

Charles.  In  the  third,  the  velo- 
city of  the  power  p<,  (Fig.  21.) -be- 
ing lels  than  that  of  the  weight  w, 
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it  is  evident,  in  order  that  their  mo- 
menta may  be  equal,  that  the  weight 
aiding  at  p,  mult  be  as  much  greater 
than  that  of  w,  as  ac  is  lefs  than 
Be,  and  then  they  will  be  in  equi- 
iibrio. 

Father.  The  fecond  mechanical 
power  is  the  JVkeel  and  Axis,  which 
gains  power  in  proportion,  as  the 
circumference  of  the  wheel  is  greater 
than  that  of  the  axis ; this  machine 
may  be  referred  to  the  principle  of 
the  lever.  AB  (Plate  in.  Fig.  22.) 
is  the  wheel,  cd  its  axis,  and  if  the 
circumference  of  the  wheel  be  eight 
times  as  great  as  that  of  the  axis, 
then  a tingle  pound  p,  will  balance 
a weight  w,  of  eight  pounds. 

Charles.  Is  it  by  an  imtrumcnt 
of  this  kind  that  water  is  drawn  from 
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thole  deep  wells  lb  common  in  many 
parts  of  the  country? 

Father.  It  is ; but  as  in  molt 
cafes  of  this  kind  only  a fmgle  bucket 
is  raifed  at  once,  there  requires  but 
little  power  in  the  operation,  and 
therefore,  inftead  of  a large  wheel  as 
ab,  an  iron  handle  fixed  at  q is 
made  ufe  of,  which,  you  know,  by 
its  circular  motion,  anlwers  the  pur- 
pofe  of  a wheel. 

Charles.  I once  raifed  feme  water 
by  a machine  of  this  kind,  and  I 
found,  that  as  the  bucket  alcended 
nearer  the  top  the  difficulty  in- 
created. 

Father.  That  muft  always  be  the 
cafe,  where  the  wells  are  fo  deep  as 
to  caufc,  in  the  afeent,  the  rope  to 
coil  more  than  once  the  length  of 


l 


/ 


OF  THE  WHEEL  AND  AXIS.  159 


the  axis,  becaufe,  the  advantage 
gained  is  in  proportion,  as  the  cir- 
cumference of  the  wheel  is  greater 
than  that  of  the  axis;  fo  that  if  the 
circumference  of  the  wheel  be  12 
times  greater  than  that  of  the  axis, 
1 pound  applied  at  the  former,  will 
balance  12  hanging  at  the  latter; 
but  by  the  coiling  of  the  rope 
round  the  axis,  the  difference  be- 
tween the  circumference  of  the 
% ' 

wheel,  and  that  of  the  axis  conti- 
nually diminithes,  confequently  the 
advantage  gained  is  lefs  every  time 
a new  coil  of  rope  is  wound  on  the 
whole  length  of  the  axis  ; this  ex- 
plains why  the  difficulty  of  drawing 
the  water,  or  any  other  weight, 
increafes  as  it  afeends  nearer  the 
top. 
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Charles.  Then  by  diininifhing  the 
axis,  or  by  in  creating  the  length  of 
the  handle,  advantage  is  gained. 

Father.  Yes,  by  either  of  thofe 
methods  you  may  gain  power,  but 
it  is  very  evident,  that  the  axis  can- 
not be  diminifhed  beyond  a certain 
limit,  without  rendering  it  too  weak 
to  fuftain  the  weight ; nor  can  the 
handle  be  managed,  if  it  be  con- 
ftrudted  on  a lcale  much  larger  than, 
what 'is  commonly  ufed. 

Charles.  We  mult,  then,  have 
recourfe  to  the  wheel  with  fpikes 
{landing  out  of  it  at  certain  dis- 
tances. from  each  other  to  ferve  as 
levers. 

Father.  You  may  by  this  means 
increafe  your  power  according  to 
your  wilh,  but  it  mult  be  at  the  ex^ 
pence  of  time,  for  you  know  that  a 
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fimple  handle  may  be  turned  feveral 
times,  while  you  are  pulling  the 
wheel  round  once.  To  the  principle 
of  the  'wheel  and  axis,  may  be  referred 
the  capltan,  windlals,  and  all  thole 
numerous  kinds  of  cranes,  which  are 
to  be  feen  at  the  different  wharfs  on 
on  the  banks  of  the  Thames. 

Rous’d  from  repofe,  aloft  the  failors  fvvarm, 

And  with  their  levers  foon  the  windlafs  arm. 

The  order  given,  up-fpringing  with  a bound 
They  lodge  the  bars,  and  wheel  their  en- 
gines round : 

At  evei'y  turn  the  clanging  pauls  refound, 
Uptorn  rdu&ant  from  its  oozy  cave 
The  pond’rous  anchor  rifes  o’er  the  wave. 

Falconer’s  Shipwreck. 

Charles.  I have  feen  a crane, 
which  con  lifts  of  a wheel  large 
enough  for  a man  to  walk  in. 

lather.  In  this  the  weight  of 
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the  man,  or  men,  (for  there  are 
fometimes  two  or  three)  is  the  mov- 
ing- power ; for,  as  the  man  fteps 
■forwards,  the  part  upon  which  he 
treads  becomes  the  heavieft,  and 
confequently  defcends  till  it  be  the 
loweft.  On  the  fame  principle,  you 
may  fee  at  the  door  of  many  bird* 
cage-makers,  a bird,  by  its  weight, 
give  a wicker  cage  a circular  mo* 
tion  ; now,  if  there  were  a fmall 
weight  fufpended  to  the  axis  of  the 
cage,  the  bird  by  its  motion  would 
draw  it  up,  for  as  it  hops  from  the 
bottom  bar  to  the  next,  its  momen- 
tum caules  that  to  defcend,  and  thus 
the  operation  is  performed,  both 
with  regard  to  the  cage,  and  to 
thole  large  cranes  which  you  have 

O v 

feen. 
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Emma.  Is  there  no  clanger  if  the  ! 
man  happens  to  flip  ? 

Father.  If  the  weight  be  very- 
great,  a flip  with  the  foot  may  be 
attended  with  very  dangerous  con- 
fequences.  To  prevent  which,  there 
is  generally  fixed  at  one  end  of  the 
axis  a little  wheel  g,  (Fig.  22.) 
called  a rachet-wheel ; with  a catch 
h,  to  fall  in  to  its  teeth ; this  will,  at 
any  time,  fupport  the  weight  in  cafe 
of  an  accident.  Sometimes,  inltead 
of  men  walking  within  the  great 
wheel,  cogs  are  fet  round  it  on  the 
outfide,  and  a finall  trundle  wheel 
made  to  work  in  the  cogs,  and  to  be 
turned  by  a winch. 

Charles.  Are  there  not  other 
forts  of  cranes  in  which  all  danger 
is  avoided  ? 
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Father.  The  crane  is  a machine 
of  fucli  importance  to  the  commer- 
cial concerns  of  this  country,  that 
new  inventions  of  it  are  continually 
offered  to  the  public : I will  when 
we  do  to  the  library,  fhew  you  in 
the  10th.  vol.  of  the  Tranfactions  of 
the  Society  for  the  Encouragement 
of  Arts  and  Sciences,  an  engraving 
of  a fate,  and,  I believe,  truly  excel- 
lent crane ; it  was  invented  by  a 
friend  of  mine,  Mr.  James  White, 
who  poffeffed  a moft  extraordinary 
genius  for  mechanics,  and  who, 
about  twelve  years  ago,  offered  his 
fervices  to  a noble  Duke,  then  at 
the  head  of  the  Board  of  Ord- 
nance, but  they  being  rejected, 
he  went  to  the  Continent,  where 
he  is  very  profitably  exerciling  his 
talents, 
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Charles.  But  you  faicl  that  this 
mechanical  power  might  be  confi- 
dered  as  a lever  of  the  iirft  kind. 

Father.  I did;  and  if  you  con- 
ceive the  wheel  and  axis  (Fig.  22.) 
to  be  cut  through  the  middle  in  the 
direction  ab;  fgb  (Plate  in.  Fig. 
23.)  will  reprefen t a feclion  of  it.  AB 
is  a lever,  whole  center  of  motion  is 
c;  the  weight  w,  fuftained  by  the 
rope  aw,  is  applied  at  the  diftance  c a 
the  radius  of  the  axis ; and  the  power 
y,  aiding  in  the  direction  bp,  is  ap- 
plied at  the  diftance  cb,  the  radius  of 
the  wheel ; therefore,  according  to 
the  principle  of  the  lever,  the  power 
will  balance  the  weight  when  it  is  as 
much  lefs  than  the  weight,  as  the  dif- 
tance cb  is  greater  than  the  diftance 
of  the  weight  ac. 
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CONVERSATION  XVIII. 


Of  the  Pulley. 

FATHER.  The  third  mechani- 
cal power,  the  pulley,  may  be  like- 
wife  explained  on  the  principle  of 
the  lever.  Tire  line  ab  (Plate  iv. 
Fig.  24.)  may  be  conceived  to  be  a 
lever,  whofe  arms  ac  and  bc  are 
equal,  and  c the  fulcrum,  or  center 
of  motion.  If  now  two  equal 
weights  w and  p,  be  hung  on  the 
cord  palling  over  the  pulley,  they 
will  balance  one  another,  and  the 
fulcrum  will  fuftaiii  both. 
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Charles.  This  pulley  then,  like 
the  common  ballance,  gives  no  ad- 
vantage. 

Father.  From  the  Tingle  fixed 
pulley  no  mechanical  advantage  is 
derived  ; it  is,  neverthelefs,  of  great 
importance  in  changing  the  direction, 
of  a power,  and  is  very  much  uled 
in  buildings  for  drawing  up  final l 
weights,  it  being  much  eafier  for  a 
man  to  raife  fuch  burdens  by  means 
of  a fitigle  pulley,  than  to  carry 
them  up  a long  ladder. 

Emma.  Why  is  it  called  a mecha- 
nical power? 

Father.  Though  a tingle  fixed 
pulley  gives  no  advantage,  yet  when 
it  is  not  fixed,  or  when  two  or  more 
are  combined  into  what  is  called  a 
fyftetn  of  pulleys,  they  then  polfefs 
all  the  properties  of  the  other  mccha- 
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nical  powers.  Thus  in  cdp  (PlateAv. 
Fig.  25.)  c is  the  fulcrum,  therefore 
a power  p,  ailing  at  b,  will  fuftain  a 
double  weight  w,  a6ting  at  a,  for 
bc  is  double  the  diftance  of  ac  from 
the  fulcrum. 

Again  it  is  evident,  in  the  prelent 
cafe,  that  the  whole  weight  is  fiff- 
tained  by  the  cord  edp,  and  what- 
ever fuftains  half  the  cord,  fuftains 
alfo  half  the  weight;  but  one  hilf 
is  fuftainedby  tiie  fixed  hook  e,  con- 
fequently  the  power  at  p has  only  the 
other  half  to  fuftain,  or  in  other 
words,  any  given  power  at  p will 
keep  in  equilibrio  a double  weight 
at  w. 

Charles.  Is  the  velocity  of  p 
double  that  of  w ? 

Father.  Undoubtedly ; if  you 
compare  the  fpace  palled  through  by 
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the  hand  at  p with  that  pafied  by  w, 
you  will  find  that  the  former  is  juft 
double  of  the  latter,  and  therefore 
the  momenta  of  the  power  and 
weight,  as  in  the  lever,  are  equal. 

Charles.  I think  I fee  the  reafon 
of  this,  for  if  the  weight  be  raifed 
an  inch,  or  a foot,  both  tides  of  the 
cord  mu  ft  alfo  be  raifed  an  inch,  or 
foot,  but  this  cannot  happen  without 
that  part  of  the  cord  at  p palling 
through  two  inches,  or  two  feet  of 
fpace. 

Father.  You  will  now  eafily  in- 
fer from  what  has  been  already 
iiiewn  of  the  tingle  moveable  pulley, 
that  in  a fyftem  of  pulleys,  the  power 
gained  muft  be  eftimated,  by  doub- 
ling the  number  of  pulleys  in  the 
lower  or  moveable  block.  So  that 
when  the  fixed  block  x (Plate  tv. 
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Fig.  26.)  contains  two  pulleys  which 
only  turn  on  their  axes,  and  the 
lower  block  y contains  alfo  two'  pul- 
leys, which  not  only  turn  on  their 
axes,  but  alfo  rife  with  the  weight, 
the  advantage  is  as  four;  that  is,  a 
fingle  pound  at  p will  fuftain  four 
at  w. 

Charles.  In  the  prefent  inftance 
alfo  I perceive,  that  by  railing  w an 
inch,  there  are  four  ropes  Ihortened 
each  an  inch,  and  therefore  the  hand 
muft  have  palled  through  four  inches 
of  fpace  in  railing  the  weight  a 
fingle  inch ; which  eftablilhes  the 
maxim,  that  what  is  gained  in  power 
is  loft  in  fpace.  But,  papa,  you 
have  only  talked  of  the  power  ba- 
lancing or  fufkiining  the  weight, 
fomething  more  muft,  I fuppofe,  be 
added  to  raife  it. 
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Father.  There  inuft;  confider- 
able  allowance  muft  likewife  be  made 
for  the  fridion  of  the  cords,  and  of 
the  pivots,  or  axes,  on  which  the 
pulleys  turn.  In  the  mechanical 
powers,  in  general,  one-third  of 
power  muft  be  added  for  the  lofs 
fuftained  by  friction,  and  for  the 
imperfed  manner  in  which  machines 
are  commonly  conttruded.  Thus, 
if  by  theory  you  gain  a power  of 
COO  ; in  practice , you  muft  reckon 
only  upon  400.  In  thofe  pulleys 
which  we  have  been  deferibing,  wri- 
ters have  taken  notice  of  three 
things,  which  take  much  from  the 
general  advantage  and  convenience 
of  pulleys  as  a mechanical  power. 
Tli ejirji  is,  that  the  diameters  of  the 
axes,  bear  a great  proportion  to  their 
own  diameters.  The  fecond  is,  that 
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in  working  they  are  apt  to  rub 
againit  one  another,  or  againft  the 
fide  of  the  block.  And  the  third 
difadvantage,  is  the  ftiffnefs  of  the 
rope  that  goes  over  and  under  them. 

The  two  firlt  objections  have  been, 
in  a great  degree,  removed  by  the 
concentric  pulley,  invented  by  Mr. 
James  White i B (Plate  iv.  Fig.  27.) 
is  a folid  block  of  brafs,  in  which 
grooves  are  cut,  in  the  proportion  of 
},  3,  5,  7,  9,  &c.  and  a is  another 
block  of  the  fame  kind,  whofe  grooves 
are  in  the  proportion  of  2,  4,  6,  8,  10, 
&c.  and  round  thefe  grooves  a cord 
is  palled,  by  which  means  they  anfwer 
the  purpole  of  fo  many  diftinCt  pul- 
leys, every  point  of  which  moving 
with  the  velocity  of  the  bring  in 
contact  with  it,  the  whole  friction  is 
removed  to  the  two  centers  of  mo- 
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tion  of  the  blocks  a and  b ; befides 
it  is  of  no  fmall  advantage,  that  the 
pulleys  being  all  of  one  piece,  there 
is  no  rubbing  one  againft  the  others. 

Emma.  Do  you  calculate  the 
power  gained  by  this  pulley,  in  the 
fame  method  as  with  the  common 
pulleys  ? 

Father.  Yes,  for  pulleys  of  every 
kind  the  rule  is  general,  the  advan- 
tage gained  is  found  by  doubling  the 
number  of  the  pulleys  in  the  lower 
block  : in  that  before  vou  there  are 
fix  grooves,  which  anfwer  to  as 
many  diftinct  pulleys,  and  confe- 
rjuently  the  power  gained  is  twelve, 
or  one  pound  at  p will  balance  twelve 
pounds  at  w. 
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CONVERSATION  XIX. 


Of  the  inclined  Plane. 

FATHER,  We  may  now  de- 
fcribe  the  inclined  plane,  which  is  the 
fourth  mechanical  power. 

Charles.  You  will  not  be  able,  I 
think,  to  reduce  this  all’o  to  the 
principle  of  the  lever. 

Father.  No,  it  is  a diftindfc  prin- 
ciple, and  fomc  writers  on  thefe  fub- 
jecls  reduce  at  once  the  fix  mechani- 
cal powers  to  two,  viz.  the  lever  and 
inclined  plane. 
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Emma.  How  do  you  eftimate  the 
advantage  gained  by  this  mechanical 
power  ? 

Father.  The  method  is  very  eafy, 
for  juft  as  much  as  the  length  of  the 
plane  exceeds  its  perpendicular  height, 
fo  much  is  the  advantage  gained. 
Suppofe  ab  (Plate  iv.  Fig.  28.)  is 
a plane  ftanding  on  the  table,  and 
cd  another  plane  inclined  to  it;  if 
the  length  cd  be  three  times  greater 
than  the  perpendicular  height ; then 
the  cylinder  e will  be  fupported 
upon  the  plane  cd,  by  a weight 
equal  to  the  third  part  of  its  owg 
weight. 

Emma,  Could  I then  draw  up  a 
weight  on  fuch  a plane  with  a third 
part  of  the  ftrength  that  I muft  ex- 
ert in  lifting  it  up  at  the  end  ? 
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Father.  Certainly  you  might; 
allowance  however  mult  be  made  for 
overcoming  the  • fridtion ; but  then 
you  perceive,  as  in  the  other  mecha- 
nical powers,  that  you  will  have 
th  ree  times  the  fpace  to  pafs  over,  or 
that  as  you  gain  power  you  will  lofe 
time. 

'Charles.  Now  I underftand  the 
reafon  why  fome times  there  are  two 
or  three  ftrong  planks  laid  from  the 
ftreet  to  the  ground-floor  warehoules, 
making  therewith  an  inclined  plane, 
on  which  heavy  packages  are  raifed 
or  lowered. 

Father.  The  inclined  plane  is 
chiefly  ufed  for  railing  heavy  weights 
to  fmall  heights,  for  in  warehoufes 
fituated  in  the  upper  part  of  'build- 
ings, cranes  and  pulleys  are  better 
adapted  for  the  purpofe. 
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Charles.  I have  fometimes,  papa, 
am u fed  myfelf  by  obferving  the  dif- 
ference of  time  which  one  marble 
lias  taken  to  roll  down  a fmooth 
board,  and  another  which  has  fallen 
by  its  own  gravity  without  any  fup- 
port. 

Father.  And  if  it  were  a long 
plank,  and  you  took  care  to  let  both 
marbles  drop  from  the  hand  at  the 
fame  inftant,  I dare  fay  you  found 
the  difference  very  evident. 

Charles.  I did,  and  now  you 
have  enabled  me  to  account  for  it 
very  fatisfabtorily,  by  tirewing  me 
that  as  much  more  time  is  fpent  in 
tailing'  a body  along  an  inclined 
plane,  than  in  lifting  it  up  at  the 
end,  as  that  plane  is  longer  than  its 
perpendicular  height.  For  I take  it. 
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for  granted  that  the  rule  holds  in 
the  defcent  as  well  as  in  the  afcent. 

Father.  If  you  have  any  doubt 
remaining,  a few  words  will  make 
every  thing  clear.  Suppofe  your 
marbles  placed  on  a plane,  perfectly 
horizontal,  as  on  this  table,  they  will 
remain  at  reft  wherever  they  are 
placed  : now  if  you  elevated  the 
plane  in  .fucli  a manner  that  its 
height  fliould  he  equal  to  half  the 
length  of  the  plane,  it  is  evident 
from  what  has  beeen  fhewn  before, 
that  the  marbles  would  require  a 
force  equal  to  half  their  weight  to 
fuftain  them  in  any  particular  poii- 
tion:  fuppofe  then  the  plane  perpen- 
dicular to  the  table,  the  marbles  will 
delcend  with  their  whole  weight,  for 
now  the  plane  contributes  in  no  ref- 
pe£t  to  fupport  them,  confcqucntly 
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they  would  require  a power  equal  to 
their  whole  weight  to  keep  them 
from  defcending. 

Charles.  And  the  fwiftnefs  with 
which  a body  falls  is  to  be  eftimated 
by  the  force  with  which  it  is  aided 
upon? 

Father.  Certainly,  for  you  are 
now  fufficie.ntlv  acquainted  with  phi- 
lofophy  to  know  that  the  effedt  mult 
be  eftimated  from  the  caufe.  ' Sup- 
pofe  an  inclined  plane  is  thirty- two 
feet  long,  and  its  perpendicular 
height  is  fixteen  feet,  what  time  will 
a marble  take  in  falling  down  the 
plane,  and  alfo  in  defcending  from 
the  top  to  the  earth  by  the  force  of 
gravity  ? 

Charles.  By  the  attradlionr  of 
gravitation,  a body  falls  fixteen  feet 
in  a fecond  (Seep.  Cl.)  therefore  the 
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marble  will  Iv  one  icootul  m falling 
perpomlicuh:  i\  tothe  grounh . ar.h  as 
the  length  of  the  plane  is  ilouhle  its 
height,  the  maib'c  muft  take  two  fo- 
comis  to  roll  vlown  it. 

/h; I wail  tiv  uMi  u;!’.i  :no- 
* % 

■; ' . ■ , \ mpfok  If  th<  e \-  , - 
i'  \ toot  perpemlieul.tr  In  gkt,  am; 
ti.ues  n't,  or  lp5i  toet  long,  u . roe 
what  time  a nun  ole  will  take  in 
tailing  to  the  earth  In  the  act  .nliou 
ot'  gravity,  ami  how  lore,  c v.a  ,v 
in  dofcoinhng  how  a the  plane. 

l>y  the  attraction  of 
giavitv  it  w hi  tall  in  twa^  ;i\vnh: 
Ive.-une,  In  nuntipl\:ng  the  ' \tcvn 
feet  which  it  tails  iu  the  out  i'eco:ui. 
hv  the  tipiare  ot'  two  ilcomls  ^thc 
time''  or  tour.  I got  ii\:y-tour  the 
height  ot'  the  plane.  Hat  the  plane 
being  three  tones  as  long  as  jt  o 
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perpendicularly  high,  it  muft  be  three 
times  as  many  feconds*  in  rolling 
down  the  plane,  as  it  was  in  defcend- 
ing  freely  by  the  force  of  gravity, 
that  is  fix  feconds. 

Emma.  Pray,  papa,  what  common 
infiruments  are  to  be  referred  to  this 
mechanical  power,  in  the  fame  way, 
as  fcifiars,  pincers,  Sec.  are  referred 
to  the  lever  ? 

Father.  Chifels,  hatchets,  and 
whatever  other  fharp  infiruments 
which  are  chamfered,  or  Hoped  down 
to  an  edge  on  one  fide  only,  may  be 
referred  to  the  principle  of  the  in- 
clined plane. 
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CONVERSATION  XX. 


Of  the  JVedge. 

FATHER.  The  next  mecha- 
nical power  is  the  wedge , which  is 
made  up  of  the  two  inclined  planes 
def  and  cef  (Plate  iv.  Fig.  29.) 
joined  together  at  their  bafes  e e f g: 
dc  is  the  whole  thicknefs  of  the 
wedge  at  its  back  abcd,  where  the 
power  is  applied,  and  d f and  c f 
are  the  length  dtf  its  tides  ; now  there 
will  be  an  equilibrium  between  the 
power  impelling  the  wedge  down- 
ward, and  the  refiftance  of  the  wood, 
or  other  fubftance  a&ing  againft  its 
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fules,  when  the  thicknefs  dc  of  the 
wedge  is  to  the  length  of  the  two 
Tides,  or,  which  is  the  fame  thing, 
when  half  the  thicknefs  de  of  the 
wedge  at  its  back  is  to  the  length  of 
df  one  of  its  Tides,  as  the  power  is  to 
the  refinance. 

Charles.  This  is  the  principle  of 
the  inclined  plane. 

Father.  It  is,  and  notwithftand- 
ing  all  the  difputes  which  the  me- 
thods of  calculating  the  advantage 
gained  by  the  wedge  have  occa- 
Tioned,  I fee  no  reafon  to  depart 
* from  the  opinion  of  thofe  who  con- 
Tider  the  wedge  as  a double  inclined 
plane. 

Emma.  I have  feen  people  cleav- 
ing wood  with  wedges,  but  they  feem 
to  have  no  eflfedl,  unlefs  great  force 
and  great  velocity  are  alfo  ufed. 
r 2 
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(Fat he?\  No,  the  power  of  the 
attra&ion  of  cohefion,  by  which  the 
parts  of  wood  ftick  together  is  fo 
great,  as  to  require  a confiderable 
momentum  to  feparate  them.  Did  you 
obferve  nothing  elfe  in  the  operation 
worthy  of  your  attention? 

Charles.  Yes,  I alfo  took  notice 
that  the  wood  generally  fplit  a little 
below  the  place  to  which  the  wedge 
reached. 

Father.  This  happens  in  cleav- 
ing moft  kinds  of  wood,  and  then 
the  advantage  gained  by  this  mecha- 
nical power,  mull  be  in  proportion 
as  the  length  of  the  fules  of  the  cleft 
in  the  wood  is  greater  than  the  length 
of  the  whole  back  of  the  wedge. 
There  are  other  varieties  in  the 
action  of  the  wedge,  but  at  pre- 
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fcnt,  it  is  not  neceifary  to  refer  to 
them. 

Emma.  Since  you  laid  that  all  in- 
fuuments  which  Hoped  off  to  an  edge 
on  one  fide  only,  were  to  be  ex* 
plained  by  the  principle  of  the  in- 
clined plane;  fo,  I fuppofe,  that 
thole  which  decline  to  an  edo'e  on 

o 

both  fides,  mu  ft  be  referred  to  the 
principle  of  the  wedge. 

Father.  They  mud,  which  is  the 
cafe  with  many  chiffels,  and  almoil 
all  forts  of  axes,  See. 

Charles.  Is  the  wedge  much  ufed 
as  a mechanical  power? 

Father.  It  is  of  great  importance 
in  a vaft  variety  of  cafes,  in  which 
the  other  mechanical  powers  are  of 
no  avail ; and  this  arifes  from  the 
momentum  of  the  blow,  which  is 
u 3 
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greater,  beyond  companion,  than  the 
application  of  any  dead  weight  or 
p refill  re,  fuch  as  is  employed  in  the 
other  mechanical  powers.  Hence  it 
is  ufed  in  fplitting  wood,  rocks,  &c. 
and  even  the  largeft  fhip  may  he 
raifed  to  a fmall  height  by  driving 
a wedge  below  it.  It  is  alfo  ufed 
for  railing  up  the  beam  of  a houfe, 
when  the  floor  gives  way,  by  reafon 
of  too  great  a burden  being  laid 
upon  it.  It  is  ufual  alfo  in  fepa* 
rating  large  mill-ftones  from  the 
flliceous  fand  rocks  in  fome  parts 
of  Derbyshire  to  bore  horizontal 
lioles  under  them  in  a circle, 
and  fill  tliefe  with  pegs  or  wedges 
made  of  dry  wood,  which  gradually 
j’well  by  the  moifturc  of  i he 
earth,  and  in  a day  or  two  lift 
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up  the  mill-ftone  without  breaking 
it;  to  this  practice  Dr.  Darwin  al- 
ludes, 

Climb  the  rude  deeps,  the  granite-cliffs  fur- 
round. 

Pierce  with  fteel  points,  with  wooden  r wedges 
wound. 
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CONVERSATION  XXL 


Of  the  Screw.  v / 

FATHER.  Let  us  now  exanine 
the  properties  of  the  fixth  ai m laft 
mechanical  power,  the  fcreiv;  which, 
however,  cannot  be  called  a fimple 
mechanical  power,  fince  it  is  never 
ufed  without  the  affiftance  of  a lever 
or  winch  ; by  which  it  becomes  a 
compound  engine,  of  great  power 
in  prefling  bodies  together,  or  in 
railing  great  weights.  AB  (Plate  iv. 
Pig.  30.)  is  the  representation  of  one, 
together  with  the  lever  df. 

Emma . You  faid  juft  now,  papa, 
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that  all  the  mechanical  powers  were 
reducible  either  to  the  lever  or  in- 
clined plane,  how  can  the  fcrew  be 
referred  to  either  ? 

Father.  The  fcrew  is  compofed  of 
two  parts,  one  of  which  ab  is  called 
tire  fcrew,  and  confifts  of  a fpiral 
protuberance,  called  the  thread, 
which  may  be  fuppofed  to  be  wrapt 
round  a cylinder  ; the  other  part  c-d, 
called  the  nut,  is  perforated  to  the 
dimenfions  of  the  cylinder  ; and 
in  the  internal  cavity,  is  alfo  a fpiral 
groove  adapted  to  receive  the-  thread! 
Now  it  you  cut  a flip  of  writing-pa- 
per in  the  form  of  an  inclined  plane 
a he,  (Fig.  30.)  and  then  wrap  it 
round  a cylinder  of  wood,  you  will 
find  that  it  makes  a fpiral  anfwering 
to  the  fpiral  part  of  the  fcrew ; 
moreover,  if  you  consider  the  afcent 
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of  the  fcrew,  it  will  be  evident  that 
it  is  precifely  the  afcent  of  an  in- 
clined plane. 

Charles.  By  what  means  do  you 
calculate  the  advantage  gained  by 
the  fcrew  ? 

Father.  There  are,  at  firft  fight, 
evidently  two  things  to  be  taken  into 
confideration  ; the  firft  is  thediftance 
between  the  threads  of  the  fcrew  ; — 
and  the  lecond  is  the  length  of  the 
lever. 

Charles.  Now  I comprehend 
pretty  clearly  how  it  is  an  inclined 
plane,  and  that  its  afcent  is  more 
or  lefs  eafy  as  the  threads  of  the 
fpiral  are  nearer  or  farther  diftant 
from  each  other. 

Father.  Well  then,  let  me  exa- 
mine by  a queftion,  whether  your 
conceptions  be  accurate  ; fuppofc 
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two  lcrews,  the  circumferences  of 
whofe  cylinders  are  equal  to  one  an- 
other ; but  in  one,  the  diftance  of 
the  threads  to  be  an  inch  apart ; and 
that  of  the  threads  of  the  other  only 
one-third  of  an  inch ; what  will  be 
the  difference  of  the  advantage 
gained  by  one  of  the  fcrews  over 
the  other? 

Charles.  The  one  whofe  threads 
are  three  times  nearer  than  thofe 
of  the  other,  muft,  I fliould  think, 
give  three  times  the  moft  advan- 
tage. 

Father.  Give  me  the  reafon  for 
what  you  alfert. 

Charles.  Becaufe  from  the  prin-- 
ciple  of  the  inclined  plane,  1 learnt 
that  if  the  height  of  two  planes 
were  the  fame,  but  the  length  of 
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one,  twice,  thrice,  or  four  times 
greater  than  that  of  the  other,  the 
mechanical  advantage  gained  by  the 
longer  plane  would  be  two,  three, 
or  four  times  more  than  that  opined 
by  the  fhorter.  Now,  in  the  prelent 
qafe,  the  height  gained  in  both 
[crews  is  the  fame,  one  inch,  but  the. 
lpace  palled  in  that,  three  of  whole 
threads  go  to  an  inch,  muft  be  three 
times  as  great  as  the  fpace  palled  in 
the  other;  therefore,  as  fpace  is 
palled,  or  time  loft,  juft  in  propor- 
tion to  the  advantage  gained,  I infer 
that  three  times  more  advantage  is 
gained  by  the  ferew,  the  threads  of 
which  are  one-third  of  an  inch  apart, 
than  by  that  whofe  threads  are  an 
inch  apart. 

Father.  Your  inference  is  juft,  and 
naturally  follows  from  an  accurate 
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knowledge  of  the  principle  of  the  in- 
clined plane.  But  we  have  faid  no- 
thing about  the  lever. 

Charles.  This  feemed  hardly  nc- 
celfary,  it  being  fo  obvious  to  any  one 
who  will  think  a moment,  that  power 
is  gained  by  that,  as  in  levers  of  the 
firft  kind,  according  to  the  length 
fd  from  the  nut. 

Father.  Let  us  now  calculate  the 
advantage  gained  by  a fcrew,  the 
threads  of  which  are  half  an  inch 
diltance  from  one  another,  and  the 
lever  7 feet  Ion g. 

Charles.  I think  you  once  told 
me,  that  if  the  radius  of  a circle  was 
given,  in  order  to  find  the  circumfe- 
rence, I mutt  multiply  that  radius 
by  6. 

Father.  I did,  for  though  that  is 
not  quite  enough,  yet  it  will  anfwer 

von.  r. 
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all  common  purpofes,  till  you  are  a 
little  more  expert  in  the  ufe  of  de- 
cimals. 

Charles.  Well,  then,  the  circum- 
ference of  the  circle  made  by  the 
revolution  of  the  lever  will  be  7 feet, 
multiplied  by  6',  which  is  4 ‘2  feet, 
or  504  inches;  but,  during  this  re- 
volution, the  ferew  is  raifed  only 
half  an  inch,  therefore  the  fpace 
paffed  by  the  moving  power,  will  be 
1008  times  greater  than  that  gone 
through  by  the  weight,  conlequently 
the  advantage  gained  is  1008,  or  one 
pound  applied  to  the  lever  will  ba- 
lace  100S  pounds  acting  againft  the 
icrew. 

Father.  You  perceive  that  it  fol- 
lows as  a corollary  from  what  you 

%/  * 

have  been  faying,  that  there  are  two 
methods  by  which  you  may  increafe 
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the  mechanical  advantage  of  the 
fcrew. 

Charles.  I do- — it  may  be  done 
either  by  taking  a longer  lever,  or 
by  diminilhing  the  diftance  of  the 
threads  of  the  fcrew. 

Father.  Tell  me  the  refult  then, 
fuppofing  the  threads  of  the  fcrew  fo 
fine  as  to  hand  at  the  diftance  of  but 
one  quarter  of  an  inch  afunder  ; and 
that  the  length  of  the  lever  were  8 
feet  in  head  of  7. 

Charles.  The  circumference  of 

the  circle  made  bv  the  lever  will  be 
%/ 

8 multiplied  by  6,  equal  to  48  feet 
or  576  inches,  or  2304  quarter 
inches,  and  as  the  elevation  of  the 
fcrew  is  but  one  quarter  of  an  inch, 
the  fpace  pahed  by  the  power,  will, 
therefore,  be  2304  times  greater 
than  that  paired  by  the  weight 
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which  Is  the  advantage  gained  in  this 
inftance. 

Father.  A child  then  capable  of 
moving  the  lever  fufficiently  to  over- 
come the  friction,  with  the  addition 
of  a power  equal  to  one  pound,  will 
be  able  to  raife  2304  pounds,  or  fome- 
thing  more  than  20  hundred  weight 
and  a half.  The  ftrength  of  a power- 
ful man  would  be  able  to  do  20  or  30 
times  as  ■much  more. 

Charles.  But  I have  feen  at  Air. 

W ’s  paper-mills,  to  which  I 

once  went,  fix  or  eight  men  ufe  all 
their  ftrength  in  turning  a fcrew,  in 
order  to  prcfs  out  the  water  of  the 
newly  made  paper.  The  power  ap- 
plied in  that  cafe  mult  have  been 
very  great  indeed. 

Father.  It  was,  but  I dare  fay 
that  you  are  aware  that  it  cannot  be 
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eftimated,  by  multiplying  the  power 
of  one  man  by  the  number  of  men 
employed. 

Charles.  That  is  becaufe  the  men 
handing  by  the  fide  of  one  another, 
the  lever  is  fhorter  to  every  man  the 
nearer  he  hands  to  the  fcrew,  con- 
fequently,  though  he  may  exert  the 
fame  ftrength,  yet  it  is  not  fo  effec- 
tual in  moving  the  machine,  as  the 
exertion  of  him  who  hands  nearer  to 
the  extremity  of  the  lever. 

Father.  The  true  method  there- 
fore of  calculating  the  power  of  this 
machine,  aided  by  the  ftrength  of 
thefe  men,  would  be  to  eftimate  ac- 
curately the  power  of  each  man  ac- 
cording to  his  pohtion,  and  then 
adding  all  thefe  leparate  advan- 
tages together  for  the  total  power 
gained. 


19  8 


MECHAXrCS. 


Emma.  A machine  of  this  kind, 
is,  I believe,  ufed  by  hook-binders, 
to  prefs  the  leaves  of  the  books  toge- 
ther before  they  are  ftitched  ? 

Father.  Yes,  it  is  found  in  every 
book-binder’s  work-fhop,  and  is  par- 
ticularly ufeful  where  perfons  are 
defirous  of  having  l’mall  books  re- 
duced to  a ftill  fmaller  fize  for  tire 
pocket.  It  is  alfo  the  principal  ma- 
chine ufed  for  coining  money  ; — for 
taking  oft'  copper-plate  prints  ; and 
for  printing  in  general. 

Charles.  I remember  Dr.  Dar- 
win’s defcription  of  coining, 

With  iron  lips  his  rapid  rollers  feize 
The  length’ning  bars,  in  thin  expanfion 
fqueeze ; 

Defcending  fcre<ws  with  pond’rous  fly-wheels 
wound  . . 

The  tawny  plates,  the  new  medallions  round ; 
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Hard  dies  of  Steel  the  cupreous  circles  cramp. 
And  with  quick  fall  his  ma fly  hammers  damp. 
The  Harp,  the  Lily,  and  the  Lion  join, 

And  George,  and  Britain  guard  the  fter- 
ling  coin. 
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Father.  Thefe  lines  are  defcrip- 
tive  of  Mr.  Boulton's  magnificent 
apparatus  for  coining,  the  whole 
machinery  is  worked  by  an  im- 
proved {team-engine,  which  rolls  the 
copper  for  half-pence;  works  the 
fcrew-preffes  for  cutting  out  the  cir- 
cular pieces  of  copper;  and  coins 
both  the  faces  and  edges  of  the 
money  at  the  fame  time:  and  fince 
the  circulation  of  the  new  half-pence, 
we  are  all  acquainted  with  the  lupe- 
rior  excellence  of  the  workmanfliip. 
By  this  machinery  four  boys  of  ten 
or  twelve  years  old,  are  capable  of 
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linking  30,000  guineas  in  an  hour* 
and  the  machine  itfelf  keeps  an  un- 
erring account  of  the  pieces  ftruck. 

Emma.  And  I have  feen  the 
cyder-prel’s  in  Kent,  which  coniifts 
of  the  fame  kind  of  machine. 

Father.  It  would,  my  dear,  be 
an  almoit  endlefs  talk,  were  we  to 
attempt  to  enumerate  all  the  pur- 
pofes  to  which  the  ferew  is  applied 
in  the  mechanical  arts  of  life  ; it  will, 
perhaps,  be  lufficient  to  tell  you, 
that  wherever  great  prelfure  is  re- 
quired, there  the  power  of  the  ferew, 
is  uniformly  employed. 

END  OF  THE  FIRST  VOLUME. 
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